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Palynological, stratigraphic and Chemical analyses of sediments in 
the Lothians with particular reference to the Lateglacial. 
Alan J. Alexander 
Ph.D. 
University ~f F.cl.i!'burgh 
1985 
Palynological and stratigraphic investigations have been 
conducted on sediment cores for three sites in Lothian Region, 
Scotland: Balgone House, Broxmouth and Corstorphine. 
All phases of the Lateglacial pericd, as far as they are 
manifested in the Lothians at the sites studied, have been 
investigated with particular reference to the Younger Dryas, the main 
Interstadial, or Aller0d, and also the evidence for the oolder 
oondi tions that prece::led it which are presumed to represent Older 
Dryas-type vegetation. Further light has been cast on the 
development of the Postglacial broad - leaved forests. . 
The Cambridge ccnputer program POLI.DATA MKV was used to perform 
the necessary calculations and controlled a graph plotter to generate 
pollen diagrams. A series of subroutines is described that 
translated the calls to .the Cambridge graphics subroutine library. 
This may serve as a model for other installations. 
Objective numerical zonation methcds are applied to the pollen 
data. These methods are used not only to zone the pollen series but 
also to aid in the generation of hypotheses regarding vegetation 
changes. 
Chemical analyses of the sed.i.ments from Balgone House were 
undertaken. The results obtained are at variance with those from 
published work and it is prop::>sed that the reason is that the 
chemical pre-treatment of·samples employed locally may be less 
efficient in leaching the cations from the mineral fraction. 
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The main objective of the research was to examine sediments of 
Late Quaternary age 
Lothians of Sc.'Otland. 
in the eastern portion of the plain of the 
The basic technique arployed was pollen 
analysis; by identifying . and counting the pollen grains extracted 
from the deposits it is possible to produce a picture of the former 
vegetaticn and of its changes during the Lateglacial and the 
following Postglacial periods. From the Changes in the relative 
abundance of pollen and spores of particular plant species 
palaeoclimatic inferences are presented. 
Hitherto few modern investigations have been applied to the 
biological and climatic development of the lowland areas of 
south-east Scotland, apart from those of Coope ( 1968) and Newey 
(1970), roth of Which concentrated on deposits of Lateglacial age at 
one site, namely those of the fonner Corstorphine Lcx:=h, Edinburgh and 
the studies of the Postglacial sediments at several locations by 
Newey (1965,1966,1968). By contrast, the palaeoecology of Northern 
Scotland has attracted ItU.lch rrore attention and this -work is reviewed 
in a later chapter. However, it is apparent from previous work that 
lowland sites in South-East Scotland offer a greater depth of 
biogenic deposits than those of the Highlands resulting in part from 
their greater organic productivity. These ItU.lch thicker deposits have 
allowed, in the present work, the application of a closer sarrpling 
interval with a correspondingly m::>re detailed analysis of 
vegetational changes than is apparent from earlier work. Previous 
-work has concentrated largely on the elucidation of large-scale 
Changes in vegetation ~sition through 
differentiation and also in using pollen 
time, in regional 
analysis as a relative 
dating tool. Moreover the use of superior coring equipnent, namely 
the Dachno.vski, helped to eliminate the sampling errors that have 
been assumed to occur in previous investigations When a Hiller borer 
with its well-knONn. disadvantages was used. 
Three additional objectives are incorporated in the thesis: 
First, the critical examination of the laboratory teChniques 
employed b¥ pollen analysts. In particular, an evaluation of the 
methcrls for preparing and adding exotic poJ !en to samples to enable 




the uses of a 
and also to 
ccrnputer 
prcrluce 
to perform the necessary 
the pollen diagrams were 
Third, the various multivariate statistical techniques which 
pollen diagrams have been enployed b¥ palynologists to zone 
objectively were applied and their relative merits and weaknesses 
assessed. From the results of the statistical analyses it was 
possible to judge the efficacy and performance of each technique in 
surrmarising the structure of individual datasets. Further the 
datasets were also compared using a range of statistical techniques 
to indicate ho.v the sequence of vegetation at each site varied fran 
each other. 
In summary, although the main ~hasis of the research described 
in this thesis is essentia~ly a pollen analytical one it also .covers 
a range of secondary topics. The -work is geographical in context for 
in aChieving the prime aim as outlined above, it includes the spatial 
and temporal prerequisites of all geographic research. 
To conclude this introduction the terminology and nomenclature 
employed in the thesis are described belON. 
TERMINOLCGY and NOMENClATURE 
The climostratigraphic units that are usej are basically the 
same as those WhiCh were provisionally defined by Gray and Lowe 
(1980), but with sane minor alterations as set out belON: 
Lateglacial: The sediments formed between the start of the 
Lateglacial Interstadial and the start of the Younger D:ryas Stadial. 
Lateglacial Interstadial: The sediments fomed between the 
thennal improvement around 13 1 000 BP and the thennal decline at 
around 11 I 000 BP. 
Younger Dcyas Stadial: The sediments fonned between the the:nnal 
decline around 11, 000 BP and the thermal improvement between about 
10 1 500 and 10 1 000 BP. 
The tem 'Postglacial' is used in preference to the terms 
1
Flandrian 1 and 1 Holocene 1 which have several different definitions 
(West, 1967; Suggate and West, 1967; Shotton and West, 1969; MitChell 
et al 1973; Mangerud et al, 1974). The Postglacial is defined by the 
author after tl1e definitions for the Lateglacial given by Gray and 
L<::Me ( 1980 ) as: 
Postglacial: The sediments formed during the thennal i.rrprovernent 
that took place between about 10,500 and 10,000 BP and in the 
follONing time interval to the present day. 
The ooundary between the Lateglacial arrl the Postglacial pericrls 
is defined an lithostratigraphic and biostratigraphic grounds in the 
field area but, in the absence of radiocarbon dates, no absolute date 
is placed on it. In discussing the pollen stratigraphic evidence 
biostratigraphic units of the pollen assemblage zone type (Chapter 4; 
Cushing, 1967b;H. J .B. Birks, 1973) which are defined on the basis of 
the observed pollen and spore content of the sediments examined are 
employed in order separate the observed changes in the pollen 
stratigraphy from inferred changes in climate and vegetation. 
In the absence of evidence for the absolute ages of the 
biostratigraphic units, following H. J. B. Birks (1973a) terms suCh 
as 1 Rumex - Cyperaceae time 1 are used to refer to the time interval 
during which sediments containing that particular assemblage were 
deposited at the site under discussion. 
The ootanical nanenclature ercployed in the thesis follONS that 
· of Clapham, Tutin and Warburg ( 1962 ) .. 
CHAPTER 2. 
THE PHYSICAL BACKGROUND OF THE AREA STUDIED 
2 .1 INTROIXJcriON. 
The sites from which cores were taken for palynological, 
stratigraphic and Chemical analyses are all located in the Lothians, 
in pctrticular in Midlothian and East Lothian, of South-east Scotland. 
The location of each of the sites is shONn on map 2 .1 • 
In the following sections various Characteristics of the region 
are described to provide a background to the detailed descriptions of 
the sites Which follow in later Chapters. 
2.2 Some general features of the physical geography of the area of 
research. 
The Lothians lie to the south of the Firth of Forth in the 
Midland Valley of Scotland. The Midland Valley is a broad, lowland 
region approximately 80 kilometres from North to South and 200 
kilometres from West to East that trends Northeast to Southwest 
across Scotland from the Firths of Forth and Tay in the East to the 
Clyde in the West. 
The Highland Boundary fault, ·WhiCh runs from Stonehaven to 
Helensburgh, arrl the Southern Uplands fault, that extends from Dunbar 
to near Girvan, mark the northern and southern limits of the Midland 
Valley respectively and separate it from the metamorphic rocks of the 
Grampian Highlands and also from the folded Ordovician and Silurian 
5. 
Pollen sites 
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Map 2.1 Map showing locations of pollen si tea •. 
rc:x::ks of the Southern Uplands ( ma.p 2 . 2 ) . 
The principal rock formations are mainly Palaeozoic of Lower Old 
Red Sandstone and carboniferous age. In general, the carboniferous 
rocks form a wide complex syncline lying above and bordered by rocks 
of Old Red Sandstone age. The main axes of folding are parallel to 
the boundary faults mentioned above, and large! y accounts for the 
s.w. to N.E. trend of many of the physical features. 
In both the carboniferous and Old Red Sandstone age strata there 
are locally great thicknesses of contemporaneous extrusive rocks and 
also many intrusive features suCh as vents, plugs, sills, and dykes. 
The differential erosion of these harder igneous rocks and of the 
relatively softer surrounding sediments of the Carboniferous and Old 
Red Sandstone has given rise to the large degree of correspondence of 
igneous rocks with the higher ground and sedimentary strata with the 
lower. Thus volcanic rocks mainly form the plateaus and ridges of 
the upland areas and also the majority of the smaller hills and crags 
are intrusive features, for example, sills or volcanic vents. 
Folding and faulting have played an important part in the 
determination of relief in the region, While many of the minor 
topographic features are the result of the effects of Pleistocene 
glaciation both in erosion and deposition. The most widespread 
deposit associated with the glaciation is till, carm::>nly called 
boulder clay, but there are also extensive deposits of fluvioglacial 
sands and gravels, raised beaCh deposits of both Late and Postglacial 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The greater part of Midlothian and East Lothian lies below 150 
metres (nap 2. 3) . The highest ground is represented by the Pentland 
Hills where the maxirrn..nn elevation is Scald Law ( 580m) . The rocks 
which make up 
steeply folded 
the Pentland Hills for.m an anticline with a core of 
Silurian conglomerates, overlain by a thick 
accumulation of lavas and tuffs of Lower Old Red Sandstone age, in 
turn flanked by Upper Old Red Sandstone and carboniferous sediments. 
The Pentlands trend fran southwest to northeast to within 10 
kilometres of the shores of the Forth. 
Between the northwestern face of the Pentlands and the coast of 
the Firth of Forth lies the lower ground of Midlothian which includes 
the site of Edinburgh. The rrost praninent features of this area are 
a result of the differential erosion of intrusive sheets or bosses of 
stronger igneous material and less resistant sedimentary rocks, for 
example, the sills of Salisbury Crags and Corstorphine Hill and the 
volcanic vents of the Castle Rock and Arthur' s Seat. The tv.o najor 
drainage basins in the Edinburgh area are those of the River Alrrond 
and the Water of Leith. 
To the east and north of the Pentland Hills is a lowland plain 
of predominantly carboniferous rocks containing the syncline of the 
Midlothian ooalfield. The greater part of this area is drained by 
three rivers: the North and South Esk and the River Tyne. Three 
notable features of relief an the plain are the volcanic necks of 
North Berwick Law and Traprain Law and the craggy extrusive outcrops 
of the Garlton Hills. 
a :;.150m 
Map 2.) Map showing ground over 150 metres in South-East 
Scotland. 
10 
To the south lie tv..o ranges of hills, the Larnnermuirs and the 
MOOrfcx::>ts, which form a plateau of Ordovician arrl Silurian rocks 
rising abruptly from the lower ground to altitudes in excess of 500 
metres. 
During the Pleistocene a series of ice sheets several hundred 
metres thick at their maximum covered the area at different t.imes. 
Ice which originated in the Highlands and in the Southern Uplands 
merged in the Midland valley and flONed eastwards to be diverted by 
the Pentland and Lammermuir Hills to a predominantly E.N.E. 
alignment. The ice sheets preferentially eroded the softer rocks, 
particularly the Car'boniferous sediments, and rroulded the underlying 
topography in the direction of its flow (Geikie, 1894; Sissons, 1967; 
Burke, 1969) . The effect of the alignment on the drainage _pa.ttern is 
very clear, especially in the case of the River Tyne which flONs from 
W.S.W. to E.N.E. 
Sissons (1971) has inferred from a study of the depressions at 
the bases of crags in central Edinburgh that thicknesses of rock in 
excess of 100 metres ma.y have been rerroved by the ice. He suggests 
figures of 105 metres of rock rerroved over the deepest part of the 
Castle Rock depression and at least 150 metres of erosion adjacent to 
the ice-rroulded scarp of Salisbury Crags. As he states, hONever, 
such figures should be regarded as minimal since no trace of the 
pre-glacial relief exists. 
A layer of till was deposited over the I.Dthian Plain and in the 
valleys of the upland region. The till is very variable in thickness 
I( 
being thin or even absent on ridges and up to 15 metres or rrore thick 
in the hollo.vs. Boreholes have revealed around 45 metres of drift in 
buried channels (Tullcx::h and Walton, 1958). Work by Kirby (1%8, 
1969a) in WhiCh he identifies three till sheets in Midlothian, 
(for.merly only two were recognised), suggests that there may have 
been successive phases of ice advance fran both the Highlands and the 
Southern Uplands. 
The regional ice sheet first disappeared fran the higher ranges 
of hills, although valley glaciers probably persisted locally on the 
Larrmennuirs and the Pentlands 1 around 15 1 000 years B.P. as it 
do.vnwasted. At this stage 1 ho.vever 1 it clear 1 y still covered rruCh of 
the lo.vland areas where its original thicknesses had been greatest. 
While ice was backed up against the northern slopes of the Lamnennuir 
Hills and Garlton Hills, glacial meltwater from the decaying ice 
flo.ved along the margins and under the ice fonning numerous large and 
small channels cut into rock and till, as described by Kendcill and 
Bailey (1908), Bailey (1910) and Sissons (1958). 
Deposition of fluvioglacial sands and gravels as kames, kame 
terraces arrl eskers also occurred. Kirby ( 1969a) mapped and obtained 
accurate altitudes for the terraces of the North Esk in Midlothian. 
He dem::>nstrated that deposition of the terraces occurred because the 
flo.v of the Esk 1 Which was carrying debris fran the decaying Southern 
Uplands ice sheet, was blocked by ice retreating tONards the Firth of 
Forth. 
In and around the site of Edinburgh there are areas of 
/:t 
lacustrine deposits Which clearly demonstrate the former existence of 
several lakes that probably formed in hollows that had either been 
ercxled by the ice or had been fanned by the irregular deposition of 
drift (map 2. 4) . Sore of these are still represented by smaller lake 
basins, for exarrple Duddingston U:x:h, whilst the one with J?erhaps the 
largest former surface area, Corstorphine Loch, was drained in stages 
between circa 1650 and 1840, (Cadell, 1913). Many of the lakes have 
disapJ?eared as a result of the accumulation of silt, marl or )?eat, or 
have been drained and filled in by man, such as the MeadONs and 
Holyrocxi Lochs. 
Uplift, as a result of isostatic recovery on the melting of the 
ice sheet and eustatic changes in sea level, led tc the formation of 
widespread beach deposits; sane of these were subsequently buried by 
the estuarine sedirnents ~a-m as Carse clays , ( Sissons et al . 1966) • 
Pollen analysis and radiocarbon dating have been used to investigate 
the changes in vegetation during fluctuations in sea level and to 
determine their approximate dates, e.g. by Newey (1966) and 
Brooks(l972). The thick deposits of }?eat that accumulated an the 
carse lands of the Forth have been rerroved local! y by man (Cad ell, 
1913; Dinham and Haldane, 1932). Dunes of wind-blONn sand have 
covered in many places the raised beach deposits, for exarrple, at 
Aberlady Bay. 
2 • 3 CLIMATE. 














































































































The climate of the Lothian Plain, however, differs from that of other 
parts of Central and Eastern Scotland. First, the topography exerts 
a considerable influence. The prevailing westerlies are funnelled 
into the region via the Forth-clyde Valley, but from the opposite 
direction east winds often penetrate the Lothians during the winter 
and spring rronths. The marked preponderance of winds from between 
west and southwest is a direct result of the funnelling effect of the 
central gap referred to above. The local topography has a great 
influence on observed wind speed and direction: winds are nuch 
lighter in strength in l~lying areas surrounded by hills and there 
is a tendency for wind direction to be aligned along valleys. 
Second, in spite of the small longitudinal extePot of the Central 
LoNlands, there is a distinct difference between the climates of the 
east and west coasts; the former being :rrore frequently invaded by 
cold continental air masses in winter Whereas the latter especially 
near the sea, the surface temperature of Which is a degree or so 
wanner off western Britain than the North Sea, rarely experiences 
frosts. For exanple, Auchencruive in Strathclyde at a similar 
latitude en the west coast to Edinburgh has a recorded mean January 
0 0 0 
temperature of 3.4 c. This is 0. 5 C higher than the carparable 
0 
figure of 2.9 c. The climatic surrmary diagram for the Royal Botanic 
Gardens, Edinburgh (fig 2 .1) may be taken as representative of the 
coastal area of the I..othians. 
OVer the whole region the range of mean m:nthly temperatures is 
0 
approximately 12.0 C, with 
0 
2. 5 C being the average mean rronthly 
0 • 
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·Fig 2.1 Climate graph for Edinburgh, Botanic Gardena. 
I{;, 
corresponding figure for July. The coastal zone is rather wanner, 
especially in winter, but differences are slight. Rapid changes in 
temperature are oammon especially during winter but, excluding the 
uplands, rarely reach extremes. The cold North Sea and easterly 
winds, a canbination which leads to 1 haar 1 i.e. cold mists, slow down 
the rate at which temperatures rise in spring and early sunmer. 
The prevalence of westerlies has same influence in reducing the 
number of ground frosts in coastal areas. Dunbar has around 60 
nights of sub-zero temperatures per year, rrostly between Noverriber and 
April. In sheltered areas and valleys grourrl frost is likely between 
September and May. The damage done by frosts when plants are at 
their rrost vulnerable is out of all pro.IX>rtion to the small extent to 
whiCh they depress temperature means. Temperatures in winter 
resemble those of eastern England. The average January daily maximum 
0 
temperature for Edinburgh is 5 • 9 C. This campares favourably with 
the corresponding figure of 5.7°C for Lowestoft in Suffolk. St.mmer 
temperatures, ho.vever, are appreciably lower. The daily July mean 





a difference of 1.5 c. Relatively high insolation is 
recorded in the rronths April to June, the sunniest part of the year. 
Rainfall is for the rrost part evenly ~read throughout the year 
with a tendency to a minirnun in April and a maxirnun for August. The 
anounts of rainfall are low to m:xlerate with less than 650 nm per 
annun at Dunbar and less than 750 nm for rrost of the East Lothian 
plain below 150 rretres. Rainfall is greatest, as might be expected, 
over the · higher ground. More than 1 , 000 nm of rain per year is 
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recorded in the Eastern Lammermuirs. The variability of rainfall is 
high to rrcderate in the drier areas of East Lothian, receiving less 
than 750 nm. This should be contrasted with the western Highlands of 
Scotland, where the high average falls are associated with !ON 
variability (Gregory, 1968). 
Snow almost invariably orig~tes in air masses with polar 
maritime or continental sources brought ~ winds blONing from between 
north and south-east. The heaviest falls general! y cx::=cur on the rrost 
exposed eastern part of the Larrmermuirs. Along the coast itself, 
snow falls an average about 15 days per year, lying only an about 5 
rrornings. On the sumni ts of the Larrmermuirs there is snON 1 ying on 
about 75 days per annum. 
The gro.ving season varies according to the altitude. At Dunbar 
it is around 240 days, in spite of cool spring temperatures, as a 
result of the fact that the season is prolonged in the autumn by the 
westerly winds which predominate at that time of year. At Penecuik, 
further inland, the season for vegetative growth is approximately 30 
days shorter. Accumulated temperatures in day degrees over a certain 
threshold, usually taken as 6 ° C, provide an index of climatic 
productivity potential. 
0 
The 6 C threshold is generally accepted as 
the point below which vegetative growth in rrost plants is 
insignificant, 
0 
but it is not critical to life or death as is the 0 C 
threshold. Gregory ( 1954) suggests figures for mean annual 
accumulated day degree temperatures over 6°C for the period 1881 -
1915 of 1111 - 1389 days for the coastal strip of the Lothians, 883 -
lllt.da.ys.further irliairl -· decreasing to 556 883 days for the 
18 
Pentlands and the Lammermuirs. The conditions of temperature and 
rainfall described above are those of a natural forest climate. 
2.4 SOilS. 
The soils of the area vary in nutrient and drainage qualities 
and are affected also by climate, topography, vegetation and land 
use. They are mainly derived fran the superficial deposits: glacial, 
fluvioglacial, alluvial, marine and aeolian. The Character of the 
parent materials varies acc6rding to their origin. 
This is especially true of the nost important parent material -
till. Till is usually red where it is derived fran Old Red Sandstone 
strata or fran nost of the igneous rock types and is generally 
greyish when overlying or to the leeward of outcrops of carboniferous 
rocks. The textures of soils derived fran tills can vary widely even 
over small areas. 
However, the textures of soils derived fran the other deposits 
are nore easily classified. Lighter, better-drained soils occur on 
the raised beaches on the Forth coast or on the outwash spreads of 
sa.rrls and gravels as in the Esk Valley to the east of Edinburgh. The 
soils en the carse (estuarine) clay are arcongst the heaviest to be 
found. 
In general the nost widespread soils on the lowlands are 
moderately acid, podzolised grey-brown forest soils commonly affected 
by gleying in their lo.ver horizons where drainage is inpeded. On the 
higher parts of the Lothians above 200m the colder wetter conditions 
are associated with peaty-gleyed soils and deep basin or blanket peat 
in depressions or on flatti~h stmtnit areas. The soils of the .uplarrl 
areas are generally thin, acid and poor in phosphates. They can 
therefore support little more than heather, rough grassland pasture 
plants or :peat - forming mosses and sedges. Many of the m:x>rland and 
peat-l:xJg areas have been drained arrl brought under cultivation. 
2. 5 VEGEI'ATION 
Upon the soils of the superficial materials described above the 
original cover of vegetation developed. As Newey(l965,1966,1968) ,. 
demonstrates, the pollen evidence indicates that oak forest with 
birch was the natural vegetation of the area and would have covered a 
large part of the lo.ver ground of the region thus confinning the view 
of McVean arrl Ratcliffe ( 1962) who proposed four potential vegetation 
regions for Scotland, (map 2. 5) , based on an examination of the 
existing forest fragments. Of their four regions the Lothians lie in 
the one where oak forest with birCh would predominate. The remnants 
of old oak wood in the grounds of Dalke.ath House and the oaks at 
Roslin Glen and in the surrounding area are, therefore, the m::xlern 
representatives of a type of woodland that was formerly more 
extensive, Fenton (1951). These fragments of semi-natural \VOCrlland 
give same indication of the Character of the former pre-historic 
natural forest vegetation, even though in the past they have been 
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ecological account of the oakwcx:xis of the IA:>ch Lcrrond area given by 
Tittensor and Steele (1971) arrl the the rrore general description by 
Smith ( 1900) are applicable to other oakwcx:x:is in Southern Scotland. 
When man first colonised the area he began the progressive 
felling and clearance of trees. This process accelerated as the 
demand for fuel, building materials and agricultural land grew, so 
that by the eighteenth century perhaps n::> IOC>re than about 4% of the 
Lothians was 'M:)()(iland. During the eighteenth and nineteenth 
centuries, h:)wever, enlightened land irrprovers created a new 'WOCXlland 
landscape by establishing plantations with several objectives: to 
renew timber resources; to irrprove agricultural production by 
planting shelter belts; by laying out parklands for their visual 
attraction. In these man-made VJO<Xllands, beech, sycarrore and 
conifers toOk the place of lowland native tree species. In this 
century, the Forestry Commission has planted blocks of coniferous 
trees en the uplands. Around 10% of the Lothian • s larrl surface nON 
carries woodland. It is, ho.vever, a landscape daninated by 
ovennature trees, often with little opportunity for natural 
regeneration. 
The I..othians have been fanned for centuries. The vegetation of 
the area has been strongly influenced by the agri~lture and 
silviculture so that few plant communities can be considered Wholly 
natural. Within the pattern ~ed by man's use of the land, the 
vegetation is related to the major soil groups and their sulrli visions 
and, since the suitabiity of 
~ 
soils for the different types of 
agriculture and forestry largely determines the land use, biotic and 
edaphic factors are clearly inter-related 1n determining the plant 
communities that occur. The local climate is also important, for 
example, intensive agriculture gives way to permanent pastures above 
300 m, where temperatures and rainfall both influence land use 
(MeiklejOhn, 1951). The use that has been rrade of the land has 
varied in the past and its history influences the present day 
vegetation. 
2.6 CDNCUJSION 
In S'l.IDTC\a..rY, the physical landscape as it appears today is the 
result of the influence of a variety of factors: 
First, the geology has largely determined the relief with 
episodes of both folding / faulting and volcanism playing their part. 
Second, many of the rcorphological features ONe their origins to 
differential erosion of rocks of varying resistance through both 
s~aerial erosion over millenia and successive phases of glaciation. 
Third, it is largely upon the extensive deposits of glaciation 
that the present soil types have developed. 
Finally, climatic Changes, soil type and latterly the influence 
of rran have been reflected in the vegetation and its developnent. 
CHAPrER 3. 
FIELD AND lABORATORY METHODS. 
3.1 Introduction: 
In this chapter the field and laboratory methcx:ls ercployed by the 
investigator are described. In pollen analytical investigations the 
selection of a site; care in the extraction of cores; avoidance of 
contamination of samples; suitable laboratory technique to 
concentrate pollen producing clear countable slides and careful 
identification and counting of fossil grains all have a great 
influence on the final counts of pollen types at each level. In the 
follo.ving paragraphs the field methcx:ls Which were enployed in this 
study are first described follo.ved by an outline of the laboratory 
techniques adopted. 
As stated in the introduction to this thesis, three sites were 
studied. Geological sections fran each of the sites had been 
described in previous research (Bennie, 189l;Geol. Surv. Mem., 1910 ; 
Tait, 1934; Newey, 1970). The individual sections and sources are 
covered in later chapters. On the basis of the information fran the 
sections, each of the sites was a:::>nsidered likely to yield suitable 
Lateglacia1 material for pollen analysis. In the case of 
Corstorphine, the third site to be examined, a published p::>llen 
diagram already existed (Newey, 1970). It was, ho.vever, felt to be 
worthwhile to re-examine the site in view of the gap of over ten 
years since the "tMJrk was ccrcpleted and the developnents in sarrpling 
-techniques and methodology in the intervening pericxi. 
The sedi.Irents at each of the sites studied were those of former 
lakes. A case can 'be made that lake deposits are preferable to peat. 
For example, it is easier to isolate the local aquatic and marginal 
hydroseral species; there is a definable source area for the 
catchment of the lake, (Oldfield, 1970) and grains are generally 
well-preserved in anaerobic bottom sediments. In addition as 
Pennington et al (1972, 1975a, 1977b) have sha.vn lake sedirnents may be 
sUbjected to detailed Chemical analysis that can provide useful 
supporting evidence for pJllen data. Ho.vever, in studying suCh 
sediments one has to allo.v for the possibility that erosional 
hiatuses caused by Changes in lake level, sl'Llil"ping of sediment in 
steep-sided basins or those bounded by steep slopes whiCh alters the 
stratigraphic sequence (Mackereth, 1965; Davis M.B, 1968; Davis R.B 
et al, 1969) and disturbance of sediment by animal burro.ving and 
seasonal overturn of water in thennally stratified lakes occur 
frequently. 
3.2 Site Investigation: 
As the Hiller borer is likely to yield a::>ntarninated sarcples its 
use was confined to obtaining details of the stratigraphy of the 
depJsits at eaCh site; the actual pJllen sarcpling was carried a.1t by 
means of a piston sampler as described belo.v. The core to be 
examined was then taken fran the point where the deepest a::>lumn of 
sediment was represented. This was done in the hope that the oldest 
sediments present would be sampled. in the deeper parts of the ba.sin 
accurrulaticn is also likely· to have been nore continu6us. 
In order to sample each site a modified Dachnowski piston 
sa.npler, was used. This corer is an end-filler as opfX)Sed to the 
Hill er. Modifications were made to the instrument by Walker and ID.Ne 
(1976) who renamed it the 'Abbey corer'. The sampler consists of a 
retractable piston attached to the end of a rod 'bearing a metal tu'be 
60 ems in length by 5 ems in diameter. 
To obtain the cores, the Abbey oorer was used in ass~iation 
with a surveyor' s level arrl a staff. The pr~edure adopted was as 
follows. The chamber was lowered to the depth at which sanpling was 
to ccrcmence. The staff was then placed on top of the handle of the 
extension rods and the reading noted. The extension rods were then 
raised until the· sampling chamber was fully opened and the whole 
corer pushed dONilWa.rds again until the reading en the staff, resting 
on the handle, coincided with the first reading. At this point the 
chamber was full of sediment. The oorer was then raised and the cx:>re 
extruded. onto a length of semi-circular plastic guttering, which had 
been previously labelled with the sample number and site name. It 
was then sealed using polythene sheeting. Further readings on the 
staff ensured that, where possible,· a 5 ans overlap was maintained 
between cores. Alternate cores were taken fran adjacent holes a few 
ans apart so that the corer passed through a length of deposit, 
undisturbed by the corer, before each new core was taken. 
The Abbey oorer appeared to give satisfactory results in 
fine-grained stiff sedirnents, producing undistorted cores. The auger 
attachment proved useful for rerroving very coarse sands and gravels. 
- These terrled to block the corer chamber, arrl it was inpossible to 
force it through despite hammering on the ~cially strengthened 
handle. Two minor problems that were encountered, were that fine 
clays and fibrous peats tended to be compressed in the sampling 
chamber and small anounts of water leaked into the chamber through 
the top. Neither of these disadvantages was too serious since they 
could be overcane by assuming even carpression throughout a core and, 
since a record of the depths of the top and oottan of each was kept, 
it was possible to adjust sampling intervals accordingly. By 
renoving the fe!W ans at each end of a core that were contaminated and 
also the smeared surface of the core, until the true sediment was 
revealed. The only other problem encountered using the Abbey corer 
was that it sometimes did not retain fluid loosely-consolidated 
deposits. This Wa.s generally solved by recoring to e.Ylsure that these 
were plugged into the chamber by firmer sediments. 
The ,IX>lythene-covered cores on their guttering were placed in 
the dark in a refrigerator at 2° C where they were stored until they 
could be analysed. Chemical Changes, fungal growth and dessication 
were therefore . kept to Cl: minimum by the lON tercperatures, d9J1P and 
light-free environment. 
3. 3 Sediment Description: 
In the laboratory the core was first cleaned by cutting away the 
superficial material which was the rcost likely to be contaminated. 
To clean the cores a scalpel was used and all of the cuts were made 
perpendicular to the core axis to avoid contamination. The 
stratigraphy of each core was then described with regard to (a) 
colour; (b) degree of htnni.fication; (c) presence of (d) 
macrofragments; (e) minerogenic content and (f) stratification. 
Samples for pollen and Chemical analysis were then removed. 
Initially a fairly wide interval, 8 or 16 ans was adopted and 
then the gaps where there were stratigraphic changes were filled in 
with additional samples. Thus a skeleton pollen diagram was prepared 
based an wide sampling intervals. This could be examined to detect 
parts of the core which merited further examination. The reason for 
initially spacing samples at 8 and 16 ems as opposed to a 10 and 20 
ans spacing was that use of such intervals allCMs closer sarrpling at 
4, 2 and even 1 ans if necessary whereas it is difficult to 
interpolate samples at intervals intermediate to 5 ans. At eaCh 
level at least 3 ems~ of sediment was renoved which was then stored in 
a labelled glass vial sealed with wax until it could be prepared for 
analysis. At a late stage .in the work, for absolute pollen analysis, 
a brass sampler was made which renoved fixed volrnnes ( 0. 5 and 1 ens ) 
fran the core. 
3.4 The 'relative' and 'absolute' approaChes to p::>llen analysis: 
There are two ways of analysing pollen: first ~ use of relative 
counts and second by enploying a methcx:l of measuring absolute pollen 
densities. The preparation technique for relative pollen is simpler 
arrl less time consuming than that for absolute. It is, hcwever, rrore 
. difficult• to interpret the results sirice Changes in the percentage of 
one component of the pollen sum affect those of the other oampanents 
at any particular level. It is also difficult with relative counts 
to assess the significance of between level variations, since Changes 
in total input are not necessarily reflected an relative diagrams, 
especially if the proportions of different types remain unaltered. 
Absolute pollen analysis requires either the introduction of a 
known quantity of exotic pollen or ~res into a measured amount of 
sediment and fossil grains counted are related to the total count of 
the introduced type, or the sarrpling of a known proportion of the 
total population of pollen by taking a known weight or volume of 
sediment for counting (Peck, 1974). Although Maher (1972) and 
Colinvaux ( 1978) both point out that;. 1 absolute pollen frequencies 1 is 
a misleading tenn, pollen analysts still refer to absolute as opposed 
to relative diagrams. 
Exotic marker pollen grains were added to krnam volumes of each 
sarrple fran the second and third sites analysed prior to extraction 
since it was felt that same estimate of the pollen concentration at 
each level would be potentially useful on the basis of experience in 
interpreting the data fran the first site studied. S.i.rns (1973) has 
deronstrated that absolute counts have advantages over percentage 
data, even where radiocarbon dates are not available, because each 
pollen curve an an absolute diagram can be considered as an 
independent variable rather than as an interdependent percentage. 
Also comparison of absolute and relative data allows evaluation of 
changes in pollen spectra through time, and of their relationship to 
the fonner vegetation. Additionally, absolute counts can be used to 
resolve Whether oscillations represent a real Change in pollen 
depositicn or only a small percentage fluctuation i.e. a 'statistical 
artifact' (Davis and Deevey, 1964). 
The exotic pollen was added at the beginning of the preparation 
rather than at the end as was suggested by Bonny (1972) and 
Pennington (1973) so that any losses of .IX>llen in the preparation 
process, through for example decanting after centrifuging or by 
pollen adhering to glass stirring reds, would affect roth the exotic 
and fossil pollen, hopefully equally, and also to give the exotic 
pollen a better Chance to became thorougly homogenised with the 
fossil than would be possible if it were added as the last step prior 
to rrounting slides. 
Two methods of exotic pollen addition were erployed. The first 
was that described by Gunson and Edwards (1978) in which a Coulter 
counter was used for the detennination of the concentrations of 
exotic additions of a suspension containing Ailanthus glandulosa. 
This methoo is essentially a m::xlification of the rnethcd first 
described by Benninghof (1962) and which was later ·rrore fully 
described by Matthews (1969) and Bonny (1972). The second method 
entailed the use of • pollen pills' , (Stockmarr, 1972), which are 
assayed concentrations of exotic pollen or spore types in soluble 
carronate tablets. Each tablet therefore oontained a knc:1Nn number 
of, in this case, Lycopcrlium clava turn spores. These were 
distinguishable fran native L. clavatum since they had been 
acetolysed prior to inclusion in the tablets. The second method was 
found rrore convenient to use in practice since it OV'ercame the 
ao 
problems of adding a knCMn volume of rrore or less harcgeneous exotic 
pollen suspension. Also the same difficulties were not encountered 
with contaminant exotic species using the second as opposed to the 
first methcxl. 
When the exotic suspension was used it was suspected that 
certain species identified on the slides had not originated fran the 
sediment sanples. In order to check whether this was the case type 
slides were made up fran the 1 pure 1 exotic pollen supplied. It was 
discovered, by the writer, after scanning around 750,000 grains that 
' 
approximately 1 grain in a 1,000 was identified as being one of 
fourteen contaminant species found. Table 3 .1 gives the oounts and 
types identified. Therefore, the .concentration of contaminants in 
the exotic pollen is 1011, . arrounting to just 0 .1%, but if the exotic 
suspension is added to a sediment Which is itself very low in fossil 
pollen, for exanple one of Younger Dryas age, the contaminant grains 
assume an importance, particularly if they are of th~philous 
species, that is out of all proportion to their numbers. The list 
includes Ambrosia spp. and Tilia ·amerie"-1\~. Long distance transport 
might be invoked to explain the presence of grains of these species 
in European sediments , since these two are North .American species, 
if the true origin were not known. In this connection the discussion 
by CUrrlill and Whittington (1983) of the origins of ananalous 
arboreal grains that they found in the Lateglacial and Postglacial 
deposits at Creich Castle in Fife and Which they regard as having <ne 
of three possible origins: contamination, long - distance transiX>rt 
and reworking of interstadial . material should be ·noted. They __ 
recannerrl that a re - examination of contaminated British Lateglacial 
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pollen records ~ght be fruitful. 
that only in rare instances is 
However, it must be appreciated 
it likely to be possible to 
definitively locate the precise origin of any particular grains. 
Correspondence with the laboratory WhiCh supplied the pollen has 
revealed that a record is kept of the contaminants found in 
s~samples of eaCh batCh of pollen and that this information is 
available an request. 
3l 
SLIDE l 2 3 4 5 'ID!' % 
TYPES 
Ambrosia 13 15 6 6 ll 51 4.98 
Carya aquatica l l .09 
Ceanothes/Rhamnaceae 2 l 3 .29 
Cerealia l 2 2 5 .49 
Chenc:pcxliaceae l l 2 4 .39 
Canpositae - Taraxacum - l l .09 
Compositae - undiff. 3 l 6 2 4 16 1.56 
Gramineae 36 26 30 22 23 137 13.39 
Juglans nigrans 2 l 2 l 6 .59 
Picea 4 l 2 l 2 10 .98 
Plantago lanceolata l l .09 
Tilia 7 8 13 8 12 48 4.69 
cf. Umbelliferae l l 2 .19 
cf. Viburnum lentago 134 172 146 126 160 738 72.14 
Coltmm totals 201 227 208 171 216 1023 
3 .1 Table sho.ving contamination levels for exotic .suspension 
{Ailanthus glandulosa ) • 
The ratio of fossil to exotic pollen aimed for an a slide was l 
: 1 {H. j. e. Birks, pers. carm.). The weight of suspension I number 
of tablets added to each sanple was varied and then the counts were 
standardised so that the exotic counts appeared to be based en the 
same weight of suspension / number of tablets per sample. Usually 
the standard volume of sediment, 1 an~ was sarrpled at each level for 
a site. The exotic grains are therefore counted along with all the 
other pollen and spores observed. Counting of the exotic pollen 
alongside the fossil enables the density of pollen in the samples to 
be calculated, once the counts have been standardised, as follCMS: 
Since: 
Fossil pollen counted = Fossil pollen concentration in s~le 
Exotic pollen counted Exotic pollen concentration 
Then the fossil pollen concentration is equivalent to: 
Fossil pollen counted X Exotic pollen added 
Exotic pollen counted Volume of sediment 
The FORrRAN IV canputer program POLLDATA that originated at 
Canibridge , and which will be fully described in chapter 4, was used 
to do all the necessary calculations and to plot, using a graph 
plotter, all of the pollen diagrams in the thesis. 
Using concentration data pollen species curves, at any 
particular level, can be treated separately and changes in absolute 
numbers or total pollen input between levels quantified. The 
constraints of percentage counts are therefore rerroved (Faegri and 
Iversen, 197 5) . 
To obtain the voltmles of sediment required for analyses in 
absolute .POllen work, again two methcrls were used. The first was to 
measure out the required volume of sediment either 0.5 or 1.0 an3 by 
displacement in water in. a narro.v bore, shortened to allo.v access 
with a spatula, 10 mls graduated measuring cylinder. The same 
cylinder was used for each sarrple and the treniscus change read 
"between the same levels each time. The second methcrl ~opted was 
that of using a brass cylinder filled by p.1shing it into the 
sediment. The voltmle required was then extruded using a calibrated 
brass rcrl. The first rnethcrl was preferred to the second since it was 
regarded that liquid displacement was a more accurate way of 
measuring exact voltm1es than using the brass sarrpler, in which 
variable campression of different sediment types could lead to error. 
3.5 Preparation of pollen: 
The aim of .POllen preparation is to concentrate fossil .POllen by 
rerroving as Im.lch as J?Ossible of the surrounding matrix of plant 
debris and mineral matter so that it is possible to prepare clear, 
countable slides. 
The rnethcrls of chemical extraction adopted by the investigator 
broadly corresporrl to those described by Faegri and Iversen (1975) 
and are briefly outlined l:>elo.v. A laboratory notebcx:>k was kept in 
which details of sarrple nunbers and depths, and notes a):x)ut --· 
preparations and problems with particular sanples were made. By 
reviewing these notes it was found to be p:>ssible to judge the best 
preparation sequence when interpolating sediments in a core. Between 
4 and 8 samples were generaily prepared in a laboratory session. The 
number of samples that could be prepared at one ti.ma was limited by 
the capacity of the centrifuge head - 8 tube max.irru.lm. Centrifuging 
was carried out at 3,000 rpn in 15 ml tubes for 2 - 3 minutes. At 
each stage of centrifugation approximately 2 mls of ethanol was added 
to lo.ver the specific gravity and to reduce possible losses of pollen 
in decanting. 
The procedures enployed are outlined belo.v in the sequence in 
which they "WOUld be used if they were all to be applied to a single 
sample. 
(A) Hydrochloric (HCl) acid treatment: to renove any caroonates 
present. 
(B) Potassium Hydroxide (KOH) digestion: renoves humic acids and 
deflocculates. 
(1) The sample was put in a roiling tube and 10 mls of 10% .KOH added. 
The tube was then placed in a roiling water ba.th for between 20 
minutes and 1 hour and the contents stirred to break up cltmps. 
(2) The material was then sieved through a lOOpm sieve into an 
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evaporating basin and the residue washed with distilled water .. 
Pollen and microfossils and fine detritus came through leaving larger 
debris fragments on the sieve. These were retained by washing into a 
petrie dish and any identifiable macrofossils recorded. 
(3) The contents of the evaporating basin were centrifuged and 
washed. 
For many well-humified organic sarcples, i.e. non-minerogenic, 
the above procedures were sufficient and the material was xrounted and 
stained as described in section - E. 
Samples Which contain large amounts of silica/plant debris were 
treated as in the follo.ving sections: 
(C) Hydrofluoric Acid (HF) treatment : rerroves silicates. Silica is 
soluble in HF but the acid does not damage pollen and spores. 
(1) Approximately 5 mls of 40% HF was added to the sample in a 
polythene centrifuge tube. Satisfactory results were obtained by 
leaving the sarrples in cold HF in the tubes overnight. Any 
'grittiness' detected in the xrorning was rerroved by 10 - 15 minutes, 
in a boiling water bath. The grains after treatment in cold HF do 
not appear to shrink as is the case with prolonged treatment in hot 
HF and t:Pe silica is renoved nore efficiently. Caryofhyllaceae and 
sane Chenopcrliaceae grains are especially vulnerable to treatment in 
hot HF since they tend to implode. 
(2) Once all the silica had been rerroved, the material was 
centrifugerl and the waste HF pourerl into a plastic container for 
later disposal. 
The sample was then resuspended in 10% HCl and warmed in a water 
bath, to renove silicofluorides which may have been produced during 
the HF treatment. 
( 4) The sample was washed several times and then either stained and 
rrounted (section· E) or the preparation continued with acetolysis. 
(D) Erdtrnan • s Acetolysis rerroves cellulose and was found to be rrost 
effective, disposing of much organic material that cannot otherwise 
be destroyed. The stages are as follo.vs: 
( 1) To dehydrate the sanple it was suspended in glacial acetic acid, 
then centrifuged and the supernatant discarded. 
( 2) 6 rnls of freshly-prepared acetolysis mixture made by mixing 
acetic anhydride with conceptrated sul_phuric acid (H '1. 00¥ ) in the 
ratio 9 : 1 was added to the sa.rrple in a polythene centrifuge tube. 
The best results were ootained using the mixture irnnediatel y. The 
tube was then placed in a boiling water bath for between 1 and 2.5 
minutes. 
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( 3) Centrifuge, having topped up the tu'be with glacial acetic acid 
arrl ethanol, then decant. 
(4) It is suggested that the sample be re-suspended in glacial acetic 
acid and centrifuged, Erdtman (1960), but this was found to 'be 
unnecessary. 
( 5) Finally the sample was re-suspended in water and centrifuged. 
This step was repeated several times to wash the grains. To the 
final wash a few drops of dilute KOH were added since the safranin 
stain used takes 'better in an alkaline rather than in an acidic 
medium. Acetolysis is known to swell grians to varying extents 
depending en the duration of treatment (Reitsma, 1969) and acetolysed 
grains may 'be up to 25% larger than grains which hav~ been treated 
only with KOH. 
Once the preparation of the sample has 'been carpleted it may be 
stained and rrounted as belON: 
(E) Staining and Mounting: 
Both glycerine and silicon oil were used as mountants. The 
procedure for using silicon oil outlined by Andersen ( 1960) was 
adopted. The suspension ·to be mounted was spread evenly over the 
whole area to be covered by the coverslip to avoid the differential 
spread of grains of differing sizes (Brookes and Thanas, 1967) and 
care was taken that the material on the slide was neither. too thick 
nor too thin; between 15 - 25r-m was ideal, to avoid problems caused 
by excessive compression and resulting Changes in the sizes of the 
grains ( CUshing, 1961) arrl also to allo.v examination by high .J?CMer 
oil tmmersion lenses. 
The chemical procedures, as outlined ab:::>ve, were found to cope 
with the majority of sediment types encountered. 
The methcd of differential flotation as set out cy Frey (1955), 
Which uses a bromoform/acetone mixture, was tried but found to give 
unsatisfactory results in that it was inefficient, noxious and 
difficult to use; The use of scdium pyrophosphate (Na4P"'Ol ) as a 
deflocculent to rerrove clays fran sediment samples, as described cy 
Bates, Coxon and Gibbard (1978), was rather nore successful but was 
time consuming in practice for even once the clay had been rerroved 
fran the . sample it still had to be treated with HF. This teclmique 
was reserved for only the nost minerogenic and clay-rich sediments. 
Oxidation was used on sane samples to rerrove lignin and other 
resistant organic material. The methcd described cy Gcdwin ( 1956) 
which involved using a mixture of glacial acetic acid (Cli 3 CXX>H) 8 
mls, scdium chlorate NaClOl ) 4. 5 mls and concentrated sulPhuric acid 
(H~SO'f) 1 ml was adopted. Any oxidation process should cane after 
acetolysis otherwise the size of pollen grains is greatly.increased. 
Also Hafsten (1959) discovered that oxidation in canbination with 
certain of the procedures described above could cause differential 
destructicn of pollen so careful choice of techniques is necessary. 
The only other Chemical ·extraction treatment enp1.oyed was the 
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use of hot 10% Nitric acid (HNO ..3) for up to 10 minutes to rerrove 
pyrites and other sulphide c~unds (Vallentyne, 1963). Nitric acid 
is a very effective oxidant Which bleaches pollen grains and probably 
removes some less resistant types. Samples WhiCh contained only 
small anounts of pyrites were, therefore, diluted by adding more 
glycerine / silicon oil before mounting slides and the nitric acid 
treatment reserved for sanples that had high ooncentrations of 
pyrites and in WhiCh the pollen densities were so low that dilution 
was not a practical alternative. 
3.6 Pollen Identification: 
Once the chemical preparation of the sanples had been carpleted 
pollen identification was possible .. In this study a Baker Patholette 
binocular microscope with Canplan X 10 eyepieces and Baker X 10, X 40 
and oil immersion X 100 objectives were used to examine the pollen. 
Much of the counting and identification was undertaken at a 
magnification of X 400 with critical identifications being made at X 
1,000 under oil immersion. 
The slides were traversed at regularly spaced intervals, these 
being sufficiently wide so as to avoid the possibility of pollen 
being counted twice, until the desired pollen total was reached, to 
reduce the chance of non-randan distribution of either fossil or 
exotic grains on the slides, as discussed by· Brookes and Thanas 
(1967) and Peck (1974). 
Three aids were used in the identification of the grains: ( 1) 
photanicr03raphs and line-drawings, ( 2) pollen keys and ( 3) pollen 
type material. 
Useful detailed fhotanicr(X3raphs of individual pollen and spore 
types are to be found in the pollen atlases by Hyde and Adams 1958; 
Erdtman, Berglund and PraglONski (1961, 1963); Erdtman (1943, 1969); 
and Moore and Webb (1978). Two pollen taxonanic keys used in the 
course of the v.ork were those in Faegri and Iversen ( 197 5) and lvbore 
and Webb (1978). 
In view of the problems of size changes of pollen and spores 
rrounted in glycerine jelly (Andersen, 1960; CUshing, 1961; Erdtrnan, 
and PraglONSki, · 1959) size statistical methcxls have not been used in 
this study to distinguish between pollen and spores of different 
species. A total of 500 pollen grains, excluding aquatic and spore 
types, were counted per sample in this study. Only in levels where 
pollen was sparse was it necessary to use a mi.nirrn.lm total count of 
300 grains. 
Many taxa are relatively easy to identify being quite 
distinctive e.g. Helianthemum and Hippgphae and the pollen keys for 
particular families proved useful, e.g. Reitsma, (1966), for the 
Rosaceae in making identifications to genus and sanetirnes to species 
level. These were confinned, of course, by catparison with reliable 
type material and also with !ilotanicrographs. 
-Qualifications to- identification: 
In the follONing sections the practical limitations encountered 
in pollen identifications by the writer are outlined; infonnation 
that is lacking fran much published material. 
Betula: No measurements were made of grain size or pore depth so 
Betula ~ pollen could not be separated fran that of the tree 
birches, e.g. Betula pubescens, using the ratio of grain diameter to 
fX)re depth as a nunerical index to pore protuberance ( Birks, 1968) . 
The presence of ~ nana - like pollen was, ho.vever, noted 
Salix: Pollen within this genus was not identified to species level. 
Corylus / Myrica: No attempt was made to separate the Corylus and 
M¥rica campanents. 
Errpetrum: As the specific distinction between tetrads of diploid 
Errpetrum nigrum and those of tetraploid E. herrnaphrooitun requires 
the use of size statistics (Andersen, 1961) their separation was not 
attanpted. 
Ericaceae: Calluna vulgaris was the only taxon separately 
distinguished. Ericaceae undiff. therefore includes several taxa 
4-3 
within the Ericaceae. 
Artemisia: Sane of the grains identified as belonging to this genus 
were bigger than average with thiCker exines and larger more 
praninent echinae which suggests that they may be ~ norvegica 
Erdtman et al ( 1961 ) • 
Rumex: Grains of Rumex acetosa, ~ acetosella and Oxyria digyrul fonn 
this group. The investigator found it ~ssible to distinguish 
between the type material of species of the above using the 
morphological criteria proposed by Faegri and Iversen ( 1964) and 
Birks (1973a). 
Pre-Quaternary Spores: A count was kept of the spores in this 
category which appeared green or yellON - green under the microscope 
and were morphologically distinct from sUb-fossil or present day 
taxa. 
Unidentified: The nt:anber of unidentified pollen grains in each sanple 
was recorded to give sane indication of the state of preservation of 
the pollen and of the success of the analyst at identification. 
There are three major categories of unidentified types: unknONn, 
indetenninable: concealed and indetenninable: deteriorated (Birks 
1973a p. 242) • Each unkno.vn grain was classified as a distinct type 
(e.g. type X ) and sketched. 
Indeterminable - concealed grains are those of Which a clear view is 
obscured py organic / inorganic debris. Very few grains fell into 
this category since it was generally possible using a heated needle 
to prcrluce a partial melting of the glycerine and rrove the gr$ to a 
different location for better examination. 
Indetenninable deteriorated. The four classes of pollen 
deterioration are (Cushing, ·1964b, 1967b; Birks, 1973) (a) corrosion 
(b) degradation (c) breakage and (d) crurrpling. The names of the 
classes are self-explanatory. During routine analysis, deteriorated 
grains were recorded only as indeterminable - deteriorated, but a 
note of the kind(s) of exine deterioration was recorded. 
As the state of preservation of pollen examined was generally 
very good the nurribers of unidentified pollen were so !ON they were 
usually aggregated into one category as unidentified - indeterminate. 
Since the pollen counts were undertaken at different times 
during a three year pericrl, 1979 - 82, they are of varying .degrees of 
detail. Thus, for example, no morphological separation of ~es of 
Polypodiaceae was attenpted during the analysis of the sanples fran 
the first site described - Bro:xrcouth. Furthe.rnore, an examination of 
the diagrams reveals that the nunber of types identified grew with··--
the increasing canpetence of the investigator. 
3 • 1 Chemical investigations of lake. sediments: 
Changes were investigated in the inorganic chemistry of the lake 
sediments since these are a reflection of changes in the catchment 
area related to differing rates of soil erosion and leaching ( 
Mackereth 1965, 1966; Pennington et al 197 2) . 
Chemical Methcrls: 
Detennination of percentage carbon: 
The method adopted for measuring the percentage of organic 
carbcn in samples taken fran each of the cores was a nodification of 
the Walkley - Black calorimetric rnethcrl as shCMn belo.v: 
( 1} Similar samples of between 0. 3 and 0. 5 grams of finely grourrl ( < 
70 mesh sieve} air dried sanple were weighed into a 200 rnls flask. 
(2) 15 rnls of approximately 4N scx:lium dichranate solution (Na'-Cr1..01- } 
were then added slo.vly taking care to avoid spattering of the fine 
particles. The flask was shaken to mix the sample carpletely into 
the solution. 
(3) a. 30 rnls of concentrated sulphuric acid solution (H2.SOlf} were 
then IX>ured in arrl the contents of the flask were briefly swirled. 
b. A blarik determination was set up, diChromate and acid only, for 
later use in zeroing the calorbneter. 
{ 4) The flasks were left to stand for ten minutes. 
{ 5) 100 mls of distilled water were added to each flask and 
thoroughly nlixed. 
{ 6) The flasks were left for between 4 and 6 hours~· 
{ 7) The supernatant was IX>ured into a centrifuge tube taking care not 
to disturb the sediment at the oottan of the flask. 
{8) The sarrples were then centrifuged at 2,000 rpn for 10 15 
minutes. 
{9) The solution in each tube was poured into a separate colorimeter 
tube. The blarik determination was used to zero the calorimeter. The 
absorption of each of the sarrples was measured using the filter 
provided in the EEL calorimeter. The reading was recorded and the 
percentage of carl:::x:n read fran the standard curves prepared. 
Determination of cations: 
In the follCMing procedure arrm:::>nit.m1 was used as the saturating 
in the determination of the concentration of each of the four 
cations: scxlitmt (Na~) , p:>tassitmt (K '1, magnesitmt (Mg'l."' ) and calcitmt 
(C~). 
(1) 10 grams of each air dried sample were accurately weighed out. 
The samples were then transferred to conical flasks and 50 mls of lN 
annonitmt acetate pi 4. 5 added. 
( 2) The flasks were stoppered and mechanically shaken for 30 minutes. 
(3) Each sample was filtered through a Whatman No 3 paper into 
boiling tubes. 
( 4) 10 mls of the filtrate was then pi petted into a lOO mls 
volumetric flask and made up to the volume with distilled water. 
The concentrations of cations in the solutions obtained were 
+ .... detennined using an EEL 100 Flame Photaneter for Na and K and an EEL 
140 Absorption Spectrophotometer 
'2...,. .2-+' 
for ea and Mg. In each case the 
galvanometer readings were related to a graph constructed from the 
standard samples and results expressed in milli-equivalents per 100 
grams of sediment (Buckmann and Brady, 1969). 
Determination of calcium carbonate: 
The percentage of carbonate in sa.rcples can be established by the 
anount of carbon dioxide ( ~ ) gas released in the reaction between 
the sample and dilute hydrochloric acid (HCl). The volume of carbon 
4-.8 
dioxide was measured using the Collins calcimeter. A saJti>le size of 
gms of sediment was required fran level with a 1011 carbonate content. 
To conclude the principal field and laboratory methods ~loyed 
in the research have been revieNed in this chapter. The erilfhasis has 
been placed upon critically evaluating modern techniques used by 
pollen analysts. 
CHAPTER 4. 
DATA PREPARATIOO AND PRESENTATION: 
4.1 INTROOOcriON. 
There are two types of :p::>llen diagram in the thesis. First, 
there are relative diagrams an WhiCh the proportions of different 
pollen types, expressed as percentages of a p:::>llen sum, have been 
plotted. The pollen sum chosen was that of total land pollen, 
excluding obligate aquatics and spores. FollONing Faegri and Iversen 
(1975, p.l94), the calculation of the percentages of taxa outside the 
( 
pollen sum has been based on a sum which consists of the pollen sum 
plus its ONn sum. On the secorrl type of diagram the 'absolute' 
ntmibers of pollen grains of each taxa'\ per unit volume of sediment 
have been plotted, estimated using the techniques described in the 
previous Chapter. 
4. 2 POLLEN DIAGRAM CDNSTRUcriON. 
To draw the diagrams for the thesis the versatile ~uter 
program POLLDATA MARK V, written by Drs. H. J. B. Birks and B. 
Huntley (pers. corm. ) , was used. POLLDATA is a large Ccnplex 
program which does the data manipulation arrl calculations necessary 
to produce diagrams via a graph plotter. The diagrams plotted can be 
either a joined-up 'saw-edge' type or a bar histogram arrl of a 
pre-selected size. The program will also optionally calculate 95% 
'confidence intervals' for percentage data (Maher, 1972), transfonn 
so 
the J?Ollen counts by means of 1 correction 1 factors (Arrlersen, 1970) 
and srcooth the data using a running mean. The speed at which 
calculations are performed and diagrams drawn using POLLDATA means 
that various arrangements of J?Ollen curves and different pollen sums 
can be tried in a few minutes; this process would take several weeks 
by hand. Furthermore there is the additional flexibility of being 
able to insert and rerrove types and levels as required. A further 
advantage is that the diagrams prcrluced are of a standardised fonn 
and therefore readily CCllpared one to another (Squires and Holder, 
1970). Finally the dataset is stored an the computer and is 
therefore available for further statistical manipulation by, for 
example, ZONATION, PCA or MDS(X) (see belON). 
It should be n::>ted that the POll.DATA program in its original 
form is nachine dependent i.e. it can only be carpiled and run an the 
cambridge University IBM 370/165. The pollen diagram plotting 
sections · of the program in particular use local Cambridge subroutines 
to control the graph plotter. These are exclusive to the University 
of Cambridge Computer Service and'cannot be used elseWhere. Hence 
additional graphics translation subroutines were written , devised by 
the author, Which call the local Edinburgh Regional catputing Centre 
(E.R.c.c.) Graphpack Routines to plot the diagrams, having provided 
the necessary parameter transformations - see flow diagram (fig. 
4. 2). Difficulties encountered in writing the translation routines 
included the fact that the plotter space conventions at carnbridge and 
Edinburgh are carpletely different, in addition there were the 
incarpatible co-ordinate systems and interrlal cede representation of 
the ccnputers ( EBCDrc· - · IBM 370/165 and ISO - -ICL 2900) ·and the lack· 
//~: :: '::7';:>-,>,, 
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of a variable height Character facility at Edinburgh. The writing of 
the graphics translation routines 
accanplished by the author and, 
was, ho.vever, successfully 
together with a text oonversion 
routine and a variable height character facility written by M.D. 
Bro.-m of E.R.C.C., fanned a package which enabled the l?OLLDATA 
program to be run in Edinburgh and to prcx:iuce plotter output 
virtually indistinguishable from diagrams plotted in Cambridge. The 
l?OLLDATA program and the accanpanying graphics translation package 
and program documentation are available for use in the software 
library - ~B (User Contributed Routines} of E.R.c.c. (Alexander, 
1981}. The graphics translation package was also used in oonjunction 
with the ZONATICN program, described in a later section of this 
chapter, to allC»J the diagrams of the pollen types zoned and the 
dendrogram output fran the program to be plotted. This is also 
stored in CONLIB. 
4.3 POLLEN DIAGRAM ZONATION. To facilitate the description and 
interpretation of the contents of a diagram arrl its catparison and 
oorrelation with other diagrams it is usual to divide it into pollen 
zones i.e. of differing pollen canposi tion, so that the discussion of 
the vegetation Changes is simplified. 
Diagrams may be subdivided by examining changes in pollen 
spectra and placing zone boundaries at levels Where there are 
significant changes in the amounts of one or nore taxa. Although 
rcost diagrams are thus zoned on the basis of their biostratigraphy, 
sane ·have··been divided up on the basis of·lithostratigraphy (Dormer~· 
1957). 
It is difficult to avoid subjectivity in zonation ~ eye since 
the investigator is always, at least sUbconciously, loOking for 
similarities with other diagrams. Indeed the efforts of many British 
palynologists in zoning their diagrams to fit their data into the 
standard scheme of zones p..1t forward by Godwin ( 1940, 1956) led to the 
significance of many local and regional variations being lost. 
Godwin subdivided the Lateglacial and Postglacial periods on the 
basis of fluctuations in tree pollen that were associated with 
climatic Changes: the subdivisions are often linked to the earlier 
sc~eme of climatic periods put forward by Blytt and Sernander 
(1927). Similar schemes were proposed for Europe by Firbas (1949) 
arrl for Ireland ~ Mitchell(l942,1956) and by Jessen (1949). The 
zones became associated wi-t:h radiocaroon dates although there was no 
evidence for their synchroneity in different parts of the country: 
the asynchronei ty of nost pollen zone ooundaries has rt::M been 
demonstrated several times for dates from the Postglacial (Smith and 
Filcher, 197 3) . The pollen zone therefore came to be regarded as a 
period with a particular climate which was reflected in the 
proportions of the various tree types present. The names of pollen 
zones also became linked to gearorphological events, as for exanple 
in the use of the tenn 1 ZOOE III glaciation 1 
Generally there were few problems in applying Godwin 1 s scheme to 
pollen diagrams from sites in southern Britain but in other areas, 
which have contrasting climatic regimes, local zonation schemes, such 
-as that used by Walker ( 1966) for the Lake- District, that· can only re· 
tentatively correlated with the basic scheme have to be arployed. 
It was largely as a response to the difficulties in applying the 
broad fraxrework of vegetation and climatic changes as v.orked out at 
la.vland sites to upland sites in Scotland ( 0 1 Sulli van, 197 4; 
Pennington et al, 1972; Vasari and Vasari, 1968; Walker, 1974) and to 
the confusion of climatic, temporal, stratigraphic and vegetational 
connotations attached to pollen zones that the concept of the Pollen 
Assemblage Zone was introduced to British Quaternary palaeaoecology 
(West, 1970; H. H. Birks, 1970, 1972a, 1972b, H. J. B. Birks, 1973a). 
The assemblage zone concept is based upon the American Code of 
Stratigraphic Nanenclature ( 1961) . Its use was suggested by Cushing 
(1967) Who defines it as: 
1 a 1:x:rly of sediment distinguished fran adjacent sedimentary 
bcx:lies by differences in kind and arrount of its contained 
fossil pollen grains and spores, Which were derived fran 
plants existing at the time of deposition of the sediment. 1 
A pollen assemblage zone, Which is a purely biostratigraphic 
unit free from implications regarding ecology, chronology or climate, 
is named after its most abundant or Characteristic plant s,pecies. 
The pollen assemblage zones identified at one site may be ccrrpa.red 
with those fran other sites in the area. If satisfactory 
correlations can be made at several sites, regional pollen assemblage 
zones can be defined and described within the region under 
consideration. regional assemblage zones will reflect 
vegetational changes that were synchronous or nearly ·so. Nam:rl 
J?Ollen zones have the advantage over the traditional numbered zones 
that as sites are investigated named zones can be inserted or rezroved 
without disrupting the sequence H. H. Birks (1970, p.834). Zones are 
therefore built up 01 a regional 'basis with no atterrpt being nade to 
fit the sites into a rigid zonation sCheme 'based on sites elseWhere. 
If radiocar'bon dates are available for the regional assemblage zones 
they can be napped in 'both space and time, ( Cushing, 196 7: H. J. B. 
Birks, 1973a: Birks and Berglund, 1979), as can their inferred 
vegetation, thereby gi viri.g a picture of former vegetation patterns 
and changes through time. These nay in tum be correlated with the 
standard Chronostratigraphic sequences at specific type localities 
(West, 1970: Hibbert, SWitsur and West, 1971; Pennington et al, 1972; 
Hibbert arrl Switsur, 1976). Watson and Wright (1980) provide a 
detailed discussion of the relationship between biostratigraphy and 
Chronostratigraphy. From the inferred former vegetation it is also 
possible to make inferences about conterrporaneous clinates WhiCh can 
be napped to provide an insight into the patterns of fo:rmer clinates 
and of clinatic change. 
4. 4 NUMERICAL ZONATION. 
Once it became accepted that pollen zones are biostratigraphic 
assemblage zones (sensu Hedberg, 1972a, p.222 227) nathematical 
methcxis were devised to sub:li vide pollen stratigraphic sequences 
(Adam, 1970,1974:Da.le and Walker, 1970: Gordon and Birks,l972, 1974: 
Gordcn 1973a: H. J. B. Birks, 1973a, 1974,1976: Pennington, 1975a: 
Pennington and Sackin, 1975; Birks and Berglund, 1979). The end 
product of using numerical zonation techniques is pollen zones which, 
because they are delimited solely on the basis of mathematical 
criteria an:1 refer only to a single stratigraphic sequence, are local 
pollen assemblage zones (sensu Cushing,l967; Birks, 1973). If, en 
comparing several sequences, similar pollen assemblage zones are 
identified, regional I:X>ll~ assemblage zones may be defined. Gordon 
and Birks (1974) developed several numerical rrethods to aid in the 
recognition and delimitation of regional pollen zones by oamparing 
pollen sequences. 
Five numerical methcrls for zonation of the pollen data were 
errployed arrl are· as follo.vs: 
(1) CONSLINK; (2) SPLITINF; (3) SPLITSQ; (4) PCA (5) MDS(X). 
ZCNATION · PiroRAM. 
The first three methods are implemented in the FORrRAN IV 
program ZONATION written by A. D. Gordon, H. J .B. Birks and B. Huntley 
(pers. cann. ) • 
(1) Constrained single-link cluster analysis ( ~SLINK; 
Gordcn and Birks,l972) There are t'NO stages to the analysis. 
Firstly, dissimilarity coefficients are calculated for every pair of 
contiguous sarrples on the basis of their pollen ccnp::>si tion. The 
dissimilarity coefficient used was the city - block or Manhattan 




OCl (I,J) ~ 
k=l 
pKi - pKj 
i and j are contiguous levels in the diagram. 
pKi proportion of pollen type K in sample i 
pKj proportion of pollen type K in sample j 
t = total number of pollen types. 
k = l,2 ...•. ,t pollen types 
EaCh measure of dissimilarity is therefore the sum of a series 
of subttactions and is affected ooth by Changes in the presence of 
taxa arrl also in their proportions. The second stage is the grouping 
together of samples of similar pollen ~sition. The two samples 
which are stratigraphically adjacent with the lONest dissimilarity 
are grouped together first and then the process is repeated until all 
the samples are grouped together. CCNSLINK is therefore an 
agglomerative teChnique. The results are represented as heights or 
values at whiCh the levels are joined together in a dendrograrn 
( Gordon and Birks, 197 2 p. 966) . The lONer the value the rrore similar 
the levels. At any particular value on the X-axis of the dendrograrn 
a certain number of groups will have been fonned and the _final ch.oice_ 
of zones is therefore reduced to the number of divisions required. 
The results of OONSLJNK tend to be difficult to interpret since there 
are problems in delimiting.the exact extent of the clusters and hence 
the stratigraphic extent of pollen levels. This is especially true 
for larger datasets. CONSLINK is also particularly sensitive to 
transitional levels between distinct pollen assemblages, Gordon and 
Birks (1972,p.974), in that it tends to amalgamate these levels at a 
later stage. 
( 2) and ( 3) . The other two methcxis in ZOOATION, SPLITINF and 
SPLITSQ, are divisive procedures, (Gordon and Birks, 1972) which use 
as their starting point a single group, containing all the samples, 
and subsequently split it into an increasing number of groups until 
ultimately all the levels have been separated. The major divisions 
appear first and represent the zones. The methods both divide the 
original group in such a way that the total nunerical infonnation it 
contains is maximally reduced at each division. Again a contiguity 
constraint is enployed i.e. the stratigraphic order is maintained. 
SPLITINF uses information theory to measure the initial total 
variability in tenns of infonnation content. It then proceeds by 
binary divisicn to reduce that initial variability. SPLJTSQ works by 
a similar procedure but a different measure of variability is used 
based en the sum of squared deviations method. The results are again 
plotted as dendrograrns. It was fourrl to be best to consider cnly 
divisions which represent 10% or rrore of the original variation. By 
a:::nparing the zonations, suggested by the three mathematical methods, 
a series of consistent local or site pollen assemblage zones can be 
delimited. 
51 . 
Only those pollen and spore types with greater than 5% of the 
pollen sun at at least one level were used for the p.rrposes of 
zonation. Those with values which are less than 5% are of little 
numerical importance, although they may be of great importance 
ecologically as indicator types, and have little effect an the 
numerical zonation. It should be enphasised that although the 
techniques described above Objectively place the boundaries between 
groups of samples, the final choice of the number of zones to retain 
is subjective and is usually the rnini.rnt.nn number required to sirrplify 
description and interpretation. 
( 4) PRINCIPAL COMPONENTS ANALYSIS. 
Principal oamponents analysis ( PCA ) presents multi-dimensional 
data in a feN dimensions in relation to the principal canponent axes, 
that are aligned along the major directions of variation within the 
data, in such a way that the nE?M distances between individuals 
reflect as accurately as 
individual s~les, was 
possible the original distances between 
used on both the pollen and chemical data. 
To undertake the principal oamponents analysis the FORrRAN IV program 
in Davis (1973, pps. 493-496) in a rrodified fonn was used in 
preference to the standard statistical pa.ckages (e.g. SP~, SAS) so 
that control over standardisation of the variables and scaling of the 
eigenvectors oould be exercised. 
The follONing calculations are ·performed by the program: 
~0 
(a) The data matrix of m samples scored en n variables is 
standardised by variables. To standardise the data for each variable 
the variable mean is subtracted fran each of the m scores en that 
variable and the result divided by the standard deviatibn of the 
variable. After standardisation each variable therefore has zero 
mean and unit variance. The standardised data matrix is then 
printed. Standardisation of the variables has been enployed by rrost 
palynologists who have used PCA although sane have objected to it 
( Prentice, 1980) . Standardisation is a means of cx:mbining those 
variables which were measured in different units, for exarcple, 
chemical data (Pennington and Sackin, 1975). Standardising the 
pollen data has the effect of giving equal weight to each of the 
pollen types by giving rrore weight to the rare or .less variable 
pollen types at the expense of the ccmron or nore variable ones. It 
should of course be enphasised that the rare types are often of 
considerable ecological ~rtance as indicator species in the 
subsequent interpretaion of the data. Ho.vever, since there is a high 
relative error associated with the pollen counts for rare types (see 
Faegri and Iversen, 1964) and also that the percentage representation 
of any taxon in a pollen count may be very different fran its former 
representaticn in the vegetation, it would seem to be rrore objective 
to standardise the p::>llen data. 
(b) A matrix of correlation coefficients between all pairs of 
n variables is calculated and printed out. 
"' 
(c) The eigenvalues (latent rcx::>ts) and eigenvectors (latent 
vectors) of the correlation matrix are obtained using the Jacobi 
algorithm. The elements of the eigenvectors are normalised so that 
the sum of squares of the elements is equal to one and were 
IlU.ll tiplied by the square rcx::>t of the corresp:>nding eigenvalue to give 
the canponent loadings. The canponent loadings represent the 
correlations between the original variables and the principal 
canponents and shCJN the proportional inp:>rtance of each variable 
within the canponent. The program prints out the eigenvalues and the 
percentage contribution of each, along with the eigenvectors and the 
loadings. 
(d) The carponent scores (Morrison 196 7; Davis 197 3) are 
calculated for each sample by IlU.lltiplying the standardised J.X>llen 
frequencies (zero mean and unit variance) by the corresJ.X>nding 
eigenvector and summing the products. 
printed. 
The resultant matrix is 
The scores on the first three or four canponents that absorb 
rrost of the variance are then plotted stratigraphically cf. Adam 
(1970), Permington (1973), Pennington and Sackin (1975); H. J. B. 
Birks (1974) and Birks and Berglurrl (1979). The plots sux:rmarize the 
major stratigraphic trends in the sequences and as H. J. B. Birks 
(1974, p.354) states; •a pollen zone can be delimited here en the 
basis of stratigraphically adjacent samples with similar canponent 
scores • • Thus changes in the size and magnitude of the canponent 
scores can be used to delimit J.X>llen zones. The results fran PCA are 
particularly useful since they show the nature of the transitions i.e 
whether gradual or sharp between zones. Indeed the placing of a zone 
boundary can often be rather arbitrary where there is a gradual 
transition. 
Factor analysis was also used on the data, but the results are 
not discussed in the thesis because great difficulty was experienced 
in interpreting them. The likely reason for the difficulty in 
interpretation, as Prentice (1980, p. 78) points out, is probably a 
result of the way in Which factor analysis works and the assumptions 
employed in the method. In short, factor analysis tries to explain 
the total variance of each variable as resulting from a particular 
factor affecting·only that one variable and unrelated to factors 
associated with other variables and also from a linear caffibination of 
underlying common factors. The distinction between particular and 
ccmron factors is rnt valid for palynological work rnr is the 
assumption of nonnality of the data which is usually associated with 
factor analysis. 
( 5) NCN-MEI'RIC MULTI -DIMENS~ONAL SCALING. 
The MINISSA non-metric rrulti-dimensional scaling program in the 
MDS(X) series of rrulti-dirnensional scaling programs, which was 
originated by E. E. Roskham, Univer.l'i,ty of Nijrneg,e., The Netherlands, 
was used en the datasets. The purpose of the MINISSA program is 
given a matrix of dissimilarity coefficients between all pairs of n 
objects ( stratigraphic levels) to find the ccx:>rdinates of n points in 
an r-dirnensional space such that the distances anong these points are 
in approximately the same rarik order as the dissimilarities. The 
residual variance nonnalised is used as a measure of stress, Kruskal 
(1964a, 1964b). For any given configuration the stress measures how 
well that configuration matches the data. A mathematical discussion 
of the methcrl is given in Roskharn (1969). The dissimilarity 
coefficient enployed was the OC 1 of Gordon and Birks (1974). 
The results of the t~dimensional representation are presented 
as stratigraphic plots of the sample coordinates on two axes. Pollen 
zones are delirni ted en the basis of changes in the coordinate values. 
Samples with similar pollen o:::rrposition are grouped together. 
The zones delirni ted by using the methcrls described above are 
local site assemblage zones. If the zones at ooe site can be matched 
with those at other sites in the region then regional pollen 
assemblage zones can be defined and may be mapped in time and space 
(see Cushing 1 196 7b) • 
4. 5 CCMPARISCN OF POLLEN SOOUENCES. 
To canpare the pollen stratigraphic sequences fran ooe site with 
those at others the FORI'RAN IV program - s:r.orsro 1 Which was written 
by A. D. Gordon and H. J. B. Birks (pers. ccmn. ) was used. The program 
slots the two sequences .under examination together using the degree 
of sirnilari ty between the proportions of the same pollen types at 
each site as the basic criterion for fitting and maintaining the 
stratigraphic constraint. 
The theory of the :rrethcxi is cettplex (Gordon,l973b: Birks,l974) 
arrl hinges oo the use of the statistic ( 'f) which was devised by 
Gordon ( 197 3b) to rreasure ho.v well sequences fit together. The lo.ver 
the value of (f') the better and rrore reliable the fit. There is, 
however, no statistic available to test the significance of a 
particular value of(~). 
Once regional p::>llen assemblage zones have been v.orked out, they 
for.m the basis for discussion, correlation and interpretation of the 
pollen sequences within particular geographic areas. The regional 
pollen assemblage zones may also be correlated from region to region 
in time and space, but for this to be achieved absolute dates are 
essential. The first major use of the statistical methcxis described 
above was by Birks and Berglund (1979). The :rrethcxis highlighted the 
prOblems and limitations of fitting the standard Nordic 
chronostratigraphic zonation system (Mangerud et al, 1974) to pollen 
data from tv.o sites in Southern SWeden. 
The numerical techniques described above have the great 
advantage that by applying a range of the :rrethcxis and lcx::>king for 
consistency, they can aid the inexperienced analyst in .making the 
right conclusions. The 
require many thousands 
handled by rrodern, fast, 
only serious disadvantage is that they 
of calculations: though these can easily be 
pc:Merful carputers. The ZONATION and 
sr.arsm programs are neither expensive in storage requirements rnr 
processing t~e. 
The objective zonation methods usually give results that largely 
agree with subjectively drawn-up zonation schanes. Any discrepancies 
between the objective and subjective divisions of diagrams are 
therefore of interest and require explanation. The methcrls can be 
valuable in focussing attention on certain aspects of the data and in 
forcing a closer examination of s~ of the main numerical changes. 
They can therefore often neglect minor changes that may be regarded 
as being irrportant, for exarrple, the elm decline. The reason is that 
the decrease in elm pollen is usually accompanied py only very minor 
changes in sane ecologically irrportant indicator species, such as, 
Plantago lanceolata and Pteridium aquilinum. The ~TION programs, 
previously described, do allow for species to be indiv~dually 
weighted but this involves subjective decisions regarding the actual 
weighting to be allocated to each. The J?C1Ner of the objective 
zonation methcrls should not be overestimated; they represent a 
valuable tool which can be used to help to either eliminate rruch of 
the subjectivity in selecting zone boundaries or to confinn zonation 
schemes derived fran subjective examination, but they should oot be 
regarded as being capable of producing definitive zonation schemes. 
Finally misplaced zone oourrlaries do oot affect the validity of 
carefully collected data but they may obscure the picture of 
vegeta tional changes. 
4. 6 DESCRIPriOO OF PO~TA GRAPHICS a::tNERSIOO PRCX3IW£ 
This section outlines the technical aspects of the routines that 
translate the graphics sUbroutines from the CAMLJB library enabling 
the pr0;3ram POLLDATA to be used at Edinburgh. 
It was decided at an early stage in the \lvDrk to use a ·ccmputer 
both to do the necessary calculations and to produce the pollen 
diagrams thereby saving time that \lvDuld otherwise be spent en p.1rely 
mechanical tasks. Several carputer prCXJrams have been written to 
assist in the construction of J?Ollen diagrams (e.g. Squires, 1970; 
Squires and Holder, 1970; Dodson, 1972; Voorrips, 1973, 1974; King, 
1976; Darru::>lon and Scht.nnacker, 1971; Birks and Huntley, 1978). As 
suCh pr0;3rams already existed for processing and presenting 
graphically J?Ollen data it was considered that it \lvDuld be better to 
make any necessary alterations to an established prCXJram, so that it 
could be run at Edinburgh, · rather than to start at the beginning and 
to write a canpletely neN pr0;3ram. It was, ho.vever, appreciated that 
this might not be a simple task since the p..lblished J?Ollen diagram 
prCXJrams, such as PALYNO (King, 1976) and those of Squires. (1970) and 
Squires and Holder (1970), required the use of a graph plotter and 
associated machine dependent subroutines • 
Three prCXJrams were examined in detail, RHSl (Squires (1970); 
Squires and Holder, 1970), NEWPLOr (Shennan, 1980), whiCh both 
originated at Durham and POILDATA MKs IV and V (Huntley and Birks, 
1978) whiCh was written at Cant>ridge. All the above pr0;3rarns were 
written in IBM FORI'RAN IV which meant that the basic cede, at least 
in theory, was readily transportable to other ccrcputer installations. 
RHSl probably represents the first serious attempt to use a 
(,1 
computer to present pollen analytical data and is a fairly basic 
prcgram that plots calculated percentages of a specified total for 
each taxon an a graph plotter as well as tabulating them an a 
printer. 
NEWPLOI' is a nore advanced program which is in two parts: the 
first calculates and tabulates the data and the second draws the 
pollen diagram with the stratigraphy. Additionally it will calculate 
pollen concentrations and 95% confidence limits. The program calls 
graphics subroutines from *PLOTSYS at NUMAC (Northumbrian 
Universities Multiple Access Computer). *PLOTSYS is a variant of the 
calcamp manufacturer's plotting routines. The routine parameter 
lists are not consistent in the type or nunber of parameters and 
therefore present traps for the unwary 1 Nevertheless these calls 
were successfully translated; at Edinburgh by the author, and 
satisfactory output produced. 
The m:::>st versatile program, hc:Mever, is POLI.DATA. This accepts 
totals of counts of taxa presented either by taxon or by sanple and 
(a) prints raw and edited data matrices in Whatever taxon and sample 
order is required 
(b) sums selected totals for each sarrple 
(c) calculates percentages of each taxon based on the selected sum 
for each sarrple 
(d) calculates 95% confidence limits for the percentages of each 
taxon (Maher, 1972) 
(e) transfonns the pollen counts by means of suitable representation 
or 'correction' factors (Anderson, 1970) and srcoothes the data by a 
running rrean 
(f) graphs the raw counts, percentages, concentrations and influx 
rates for each taxon against sample depth, sample age, or any other 
order on the line printer 
(g) plots raw counts, percentages, concentrations and influx rates 
for each taxon against sample depth, sample age or any other order an 
the graPh plotter 
There are a variety of plotting options prcrlucing joined - up 
1 sawedge 1 diagrams and bar histograms. Diagrams can be prcrluced at 
different scales and at varying widths. The progr~ also has 
facilities for handling plant IlE.crofossil, Cladoceran, nolluscan and 
surface pollen data. It also generates, if required, ar. output file 
in a format suitable for subsequent numerical analyses e.g. numerical 
zonation, principal canponents etc. 
The POLLDATA program is hONever large, with over 2000 lines of 
ccrle, and it is difficult to use. The initial developnent \\lOrk at 
Edinburgh was greatly hampered by not having an. example of a correct 
input file. In the subroutine POLPLT, Which plots the pollen 
diagrams considerable use is IlE.de of subroutines fran the CAMLIB 
library to central the plotter. Rather than rrodify the existing 
program two translation subroutines were written by the author, 
CRrPLOT and PLOTS, with entry points for the CAMLIB subroutine calls. 
Listings with ccmnents of these suboutines are included in an 
apperrlix. Any conversion of the parameters on the CAMLIB subroutine 
calls is perfonned before calling the appropriate ERCC GRAPHPACK 
subroutine arrl returning control to the POLPLT subroutine. Whilst 
writing the translation subroutines it was fourrl to be an advantage 
to be able to make minor alterations to than arrl to re - ccrrpile the 
new versions separately from POLLDATA, Which remained largely 
unchanged. Since POLLDATA has over 2000 lines of ccrle the saving in 
machine time was quite significant. 
As mentioned in Chapter 4 several difficulties were encountered 
in the writing of the conversion subroutines. The first of these was 
that the plotter space conventions at Cambridge and Edinburgh are 
different. On drum plotters the paper is moved back and forth over a 
drum. A pen holder, Which may contain cne or rrore pens, noves above 
the drum arrl along the direction of its axis. Both drum ani pen 
holder are driven in small increments by impulse driven stepping 
m:::>tors. Pens are raised or lo.vered by a solenoid in the pen holder. 
A canbination of m::wements by drum and pen holder allo.vs a line to be 
drawn in any direction within a resolution of two plotter increments 
(0.005 ems an the Gal~). At eambridge displacements on the 
plotter paper are measured in millimetres with respect to axes 
parallel to the edge of the paper, starting from an initial pen 
J?OSi tion at the lo.ver left hand corner. The Y axis is therefore 
parallel to the edge of the paper and the X axis perpendicular. At 
Edinburgh, en the other hand, the convention is that the right harrl 
end of the carriage is designated the base for plotter ~surements 
arrl is tenned the plotter origin. X novernents are performed by drum 
revolution i.e. the X axis is parallel to the edge the paper. Y 
.rrovements are performed by pen traverse i.e. perpendicular to the 
edge of the paper with Y increasing to the left (fig 4 .1 ) • 












Fig 4.1 Graph plotter conventions at Edinburgh and Cambridge. 
?I 
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Transformtions therefore had to be applied to take account of these 
A 
differing conventions. Angles in plotter space are measured in 
radians rather than degrees at Cambridge but the conversion is 
straightforward. 
The second problem was that a text space is separately defined 
at carribridge. A text pointer specifies a position (I, J) on a grid of 
character _tX>sitions Whose size, orientation and origin are set · in 
terms of the user's coordinate system. Character output is normally 
produced starting at this text _tX>inter and When text output is 
completed the pen is restored to its previous position so that 
plotting may be continued using the user-defined coordinates. 
Therefore, scaie factors, both text and user space, pen positions, 
origins etc were stored in~ so that they could be recalled. 
The FORI'RAN IV CCM-DN statement provides access to data used by rrore 
than cne part of the program. 
A further problem was that the IBM 370/165 at Cambridge uses the 
EBCDIC internal code representation where ERCC ICL 2900 uses ISO. 
HONever, one can specify that the character codes referred to are in 
EBCDIC at Edinburgh arrl the conversion subroutines switch between ISO 
and EBCDIC as appropriate. ffiLLDATA contains references to standard 
Cambridge routines UNPAK and KCNVRT for text conversion. A routine 
UNPAKS, Which performs the same functions was written by M. D. BrONn 
of ERCC. An additional routine CHARm' written by M. D. BrONn for 
inclusion in ERCC Graphpack allONS the ratio between the width arrl 
height of characters to be altered so that the taxon narres can be 
output with letters 1 . 5 times the normal height, thus making them 
more legible and conforming with the practice at cambridge. 
Only tv.o other ncdifications to POLLDATA were required. One was 
to re - dimension the arrays in the program to handle larger datasets 
with more than lOO sarcples { e.g. that fran Balgone House). The 
other was to write an additional subroutine ASCALE that standardised 
all the counts to give exotic counts for a constant weight of exotic 
suspension added. A copy of the subroutine is given in the appendix. 
Turning to the flo.v diagram {fig 4. 2 ) the mechanism by which 
the graphics translation interface operates may be traced out. 
Step { 1 ) The POLLDATA pro::Jram calls a graphical subroutine in the 
CAMLIB library. The program loader then locates the corresponding 
entry in the graphics translation package. Any transfonna.tions to 
the p:u-ameters of the CAMLIB routine call are performed. 
Step {2) The appropriate subroutine in the ERCC graphics package 
- GRAPHPACK is called. This writes to a plot descriptor file { PDF 
on l09ical device nuniber 50. This file may be inspected en a 
graphical terminal, Tektronix storage tube display or similar, using 
locally TVIEW or PI.al'EK. This was found to be an aid to pro::Jram 
developnent and it is gocrl practice to inspect the plots at a 
graphical terminal before suhnitting mistakes to the plotter 1 To 
obtain hard copy a post - processing program ( GPLIST ) is run to 
convert the plot to a fonn .acceptable to a specific plotter. 
Steps (3) and (4) Control is returned initially to the Graphics 
translaticn package arrl then to the POLLDATA program respectively. 
Once the roLLDATA program and its accanpanying conversion 
routines had been thoroughly tested it was placed in a library of 
user contributed software ( CONLIB) along with on - line 
documentation and a sample input data deck so that it ~uld be 
available for general use (Alexander, 1981). The program has been used 
by a number of research students ccmpleting their theses ( Robinson, 
1981; Boyd, 1981; Wain - Hobson, 1981). It has also been used by 
undergraduate students in conjunction with practical classes in 
pollen analysis in the Departments of Botany at ooth Edinburgh and 
Glasgow and by students preparing palaeoecological dissertations as 
well as by research ~rkers in a variety of fields, including 
Geophysics and Ecology. 
Final! y, following the m:x:lel of the conversion subroutines 
described above it should be possible to use PO~TA on most 
oamputers. The graphics routines called from CAMLJB are not 
complicated and are therefore relatively easy to emulate. Listings 
of the current version of the POLLDATA program should be available 
fran the Sub - Department of Quaternary Research, Botany Department, 
Cambridge University. 
It is reccrcmended, l'lo,t/ever, that any future programs written by 
pollen analysts incorporate the Graphical Kernal System (GKS). GKS 
is intended to becane the international standard for graphics and its 
adoption should greatly improve the ability to exchange software. 
This is particular! y important since the resources for converting 
pollen programs are always likely to be limited. 

REVIEW OF PREVIOUS PAIAEOECOLCX3ICAL WJRK IN scarLAND 
In this chapter a brief review of previous palaeoecological 'NOrk 
in Scotland is presented. It is intended to sho.v the developnents in 
the techniques applied and the changing aims of the researchers. 
Since canprehensive reviews of the literature exist (Newey, 1965; 
Birks, 1973; Edwards, 1974; Crabtree, 1975;Lo.ve and Walker, 1977; 
Pears, 1977; Pennington, 1977a; Gray and Lowe, 1977, 1980 ; Price, 
1983; Sissons, 1983) only the most significant papers are indicated 
and placed in their historical context. The present state of 
kno.vledge concerning the vegetation history of the Lateglacial and 
Postglacial periods in the study area is then outlined follo.ved by a 
recap of the aims of the thesis. 
In studies of the past vegetation of Scotland two stages are 
evident: the first being . before 1923 and the second post 1923. In 
the first stage studies were based upon the observations of the 
preserved macro-remains and the rnacrostratigraphy of peats in various 
parts of Scotland. In the second the technique of pollen analysis 
has been increasingly refined and used to present a picture of 
vegetation development and chronology. 
In the early investigations, of the first era, the 
identification of large fragments of plants in peat led to 
speculation about fanner vegetation and clima.te. Geikie (1866) 
sho.ved that the stratified structure of peat mosses can be related to 
changes in climate during the Late Quaternary. In a series of papers 
. Lewis. ( 1905, 1906, 1907, 1911} continued and developed the v.ork of __ 
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Geikie. He made a detailed study of the macrostratigraphy of 
Scottish peat mosses and attempted a correlation of the climatic 
Changes postulated py Geikie with the stratification of mosses. 
Sarm.Ielsson (1910) identified fossil remains, including pollen grains, 
in peat either in the field or after sinple lal:x>ratory treatment. He 
also correlated the evidence for climatic, vegetation and 
physiographic changes in Scotland with that in Scandinavia. 
Erdtman (1923,1924,1928) was the first to apply pollen 
analytical techniques to Scottish peat and lacustrine deposits in 
order to sho.v the changing patterns of vegetation and the 
envirorunental history of the Quaternary pericrl. He thus extended the 
earlier findings· of Lewis and Samuelsson. Follo.ving this "WOrk· and on 
the basis of data frcm English sites, Gcrlwin (1940) devised a 
zonation scheme that could be applied to Postglacial vegetation 
changes in the British Isles. The findings of Fraser (1943) and 
Fraser . and Godwin (1955) at t"WO sites in Aberdeenshire and 
Lanarkshire suggested that the ,IX>llen spectra represented a northern 
extension of the Se<:JUence already established for England and Wales. 
The first ,IX>llen studies of the Lateglacial period were carried out 
by Mitchell (1948, 1952) and Godwin (unpubl.) who examined deposits 
from Berwickshire and from a site near Glasgow and demonstrated that 
the tripartite ( I, II and Ill) sequence observed in Europe was also 
to be fourrl in Scotland. Donner(l957, 1958) , after _IX)mting out 
that few Lateglacial sites had been discovered in Scotland and that 
those that had been located were mostly in the southern half of the 
country, described the likely ccnp:>sition of Scottish vegetation in 
the Lateglacial period. He did not though investigate the Younger -
Dryas sediments which he regarded as having an insignificant pollen 
content. 
The "WOrk described arove was follc:Med by research projects that 
had clearly set out themes. Newey (1965, 1968) presented results of 
a study of vegetational Changes at a number of sites at different 
locations in S. E. Scotland whiCh builds up a regional history of 
vegetation. Durno (1967), on the pasis of over thirty diagrams fran 
all over Scotland, described the Changing distribution of tree 
species. H. J. B. Birks ( 197 3a) , study of present day and past 
vegetation of the Isle of Skye, and Williams (1977) "WOrk on the 
Postglacial vegetational history of the Isle of Skye and the t-hrar 
peninsula, are gocxi exarrples of the detailed regional approach. H.H. 
Birks (1970, 1972) \\Orke? out the sequence of changing patterns in 
the areas of natural oak and pine forests and Pears (1964, 1969) 
described the dynamics of wocdland Change in the Cairngonns, while 
O'Sullivan (1973) studied the changes in plant COl1Tll.lnities at a rrore 
local scale from analysis of mor humus. 
From the results of pollen analytical investigations inferences 
have been attempted about fanner climates and climatic changes 
(Vasari and Vasari, 1968; Durno and Ranans, 1969) .These hcwever tend 
to involve an inadequate knc:Mledge of the climatic tolerances of many 
plants and the significance of other ecological factors, such as soil 
differences, plant canpetition, and rates of imnigration (Smith, 
1965) • An added c:xrcplication is that many pollen types are 
identifiable only to family or genus level taxonomic units that may 
~rise species with widely differing ecological requirements 
77 
(M<X>re, 1980). Ho.vever, pollen taken in conjunction with results 
fran other techniques can enable the reconstruction of past 
environments. For example, a temporary climatic deterioration 
between 12,000 BP and 11,800 BP has been identifioo by Haworth (1976) 
and Pennington (1977a) in cores ·fran lochs in tnrthern Scotland on 
the basis of a minor change in sooimentation rates, the presence of 
Artemisia pollen and increases in the arrounts of bryofhytes and 
aerophilous diatans recordoo. The bryophytes arrl aerophilous 
diatans, in particular, indicate increased rates of soil erosion. 
Artemisia species are associated with well - drained soils and 
usually do not tolerate· Iruch snON cover. Abundant Artemisia 
therefore implies a dry arid climate with warm summers and xeric 
soils ( Iversen, '1954) • The percentages of Artemisia recorded at sane 
Scottish Lateglacial sites (H. H. Birks and Matthewes, 1978; 
Macpherson, 1980; Sissons, 1974,1983) have been used to confinn the 
pattern of snONfall during the Younger Dryas as calculatoo by Sissons 
and Sutherland (1976). 
Pollen analysis has been 
gearorphology. Newey ( 1966) 
used to help answer questions in 
and BroOks (1972) described and were 
able to suggest dates for the Changes in vegetation associated with 
Lateglacial and Postglacial fluctuations in sea level in the Forth 
Valley. By analysing the deposits on either side of rroraines thought 
to be relatoo to the Loch Larond Readvance Donner, 1957; Sissons et 
al 1973; Walker, 1974; Walker and lcMe, 1976, 1977; IcMe, 1977; Walker 
and LoNe, 1979a sought to date and map the extent of glacial advance 
(Sissons, 1974, 1983). Their findings largely account for the 
·distribution of Lateglacial sites in Highland Scotlarrl as shONn on 
map 5.1, and for the relative paucity of suCh sites in the southern 
part of the country. 
Attention has recently focussed on the use of other techniques 
to supplement the results of pollen analysis and to improve 
methodolcx:JY. So that along with pollen are examined sediment 
Chemistry, plant ma.crofossils, diatans and saretimes archaeology in 
order to permit the . palaeoecolgical reconstruction of past 
ecosystems. Pennington, Haworth, Bonny, Lishman (1972), Haworth 
(1976), Pennington (1977a, 1977b) in examining lake sediments frcm 
several lochs in Northern Scotland employed just suCh an 
interdisciplinary approach. They were able to relate Changes in the 
pollen content to sediment canposition. This was explained as the 
result of the lake sedirnents being derived frcm the Changing soils of 
the catchments. 
Radiocarbon dating has been used extensively to date pollen 
assemblage zones to enable correlation of regional Chronozones and to 
remove the possibility of making false correlations between pollen 
records fran sites both within Scotland and elsewhere (West, 1970; H. 
H. Birks, 1970; SWitsur and Filcher, 1973; Pennington, 1977a). There 
has also been an increasing awareness of the problems associated with 
hard-water error, incorporation of old carbon and also regarding the 
suitability of certain sediment types, for exanple, cjytjjas for 
dating (Bowen, 1978; Olsson, 1979; Sutherland, 1980). For example, 
the radiocarbon dates obtained for basal gytjjas on Rannoch Moor, 
where the ice sheet during the Younger Dryas was several hundred 
-metres thick, go back as far as 10,660- +/- 240 SRR1074 -- (Walker· and--
1, 
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Pig 5.1 Distribution of Lateglaoial pollen sites in Scotland 
(after Sissons, 1976). 
U:::Me, 1977 , 1979; I.J:::Me and Walker, 1980) , hoNever this date may be 
too old since it suggests that there was widespread decay of the ice 
sheet before the generally accepted date of 10, 300. 
hQ.S 
The intrcrluction of 1 absolute 1 counting methcrls ffi:tw1:e allo.ved 
concentrations of pollen in sediments to be calculated and, Where a 
sufficient number of radiocarbon dates are available, also influx 
rates ( Pennington and Bonny 1 1970; Pennington et al, 1972; 
Pennington, 1977a) . As outlined in an earlier Chapter,statistical 
methcrls have been used, with the aid of canputers 1 on pollen data as 
a means of reducing the subjectivity in the zonation of pollen 
diagrams solely by eye (H. J. B. Birks and Gordon, 1972) and also in 
investigating complex relationships (H. J. B. Birks and Deacon, 1973; 
Pennington and Leishman, 1975) • 
An examination of the classes of deteriorated pollen grains 
(Cushing, 1967a), along with a detailed analysis of the 
lithostratigraphy of several sites in Perthshire, led Lowe (1977, 
1982) to suggest that collapse and erosion of marginal sediments in 
basins may have occurred throughout the Lateglacial and well into the 
Postglacial affecting both lithostratigraphy and, through the 
redeposi ton of pollen grains I biostratigraphy. 
The pattern that has emerged fran vegetational studies is of a 
general wanning fran 13, 000 BP, interrupted by one major climatic 
deterioration, the Younger Dryas (11,000 BP- 10,000 BP). There is, 
however, evidence for an oscillation during the early interstadial 
that ·may be climatic. · Oscillations · · in·· Lateglacial --rnterstadial 
sediments are recorded in the literature, although causes other than 
climatic ones could account for same or all of them. Such sites are 
represented in Sutherland and in the Great Glen (Kirk and Gcrlwin, 
1963; Pennington et al, 1972; Pennington 1975a; Ho.varth, 1976), in 
the Grarrpians (Donner, 1957; Vasari and ~asari, 1968; Clapperton et 
al, 1975), in oorth west England (Smith, 1959; Oldfield, 1960; Evans, 
1970; Pennington, 1973, 1975a), in north east England (Walker arrl 
Godwin, 1954; Bartley, 1962), in Wales (Crabtree, 1969) and in 
Ireland (Watts, 1963). More recently doUble maxima for woody plant 
pollen have 'been reJ:X>rted fran two sites in Scotland, at Corrydon in 
Glenshee and at Stor.mont LoCh near Blairgowrie, and the authors 
cautiously suggest that these are equivalent to the Belling 
oscillation (Walker, 1977; Caseldine, 1980). The evidence from most 
other sites in Scotland supJ:X>rts the conclusion offered by Gray and 
Lowe (1977) that vegetation succession and soil development 
progressed without interruption from 13,000 BP until the 'beginning of 
the Younger Dryas. The reason for this is not imnediately apparent. 
It may 'be that the climatic change was so slight and short - lived, 
200 years has 'been suggested by Pennington, (1977a), that its effects 
can only 'be discerned at sites that occupied critical locations 
either altitudinally or on the east - west climatic gradient 'between 
oontinentality and oceanicity or that previous analyses were of 
insufficient detail. 
Climatic reconstructions fran the J:X>p..llations of Coleoptera 
fourrl at Lateglacial sites in the British Isles (Coope, 1977) 
conflict with the classical interpretations based upon the · J:X>llen 
record. · These indicate a nuch wanner climatic arrelioration (July -
0 0 
average of 17 C as opposed to 13 C that peaked earlier in the 
Lateglacial Interstadial and also a more rapid rise in temperature at 
the end of the Younger Dryas . The existence of which is consistent 
with both the Coleopteran and plant evidence. Coleopteran evidence 
from south west Scotland suggests a mean July temperature of around 
• 15 C at about 13000 BP and that xrean July temperatures had fallen by 
3 ° C before 12000 BP {Bishop and CCX)pe, 1977 ) • Ccx:>pe {~ cit.) 
proposes that the reason for the differences in the thermal 
envirorunents indicated by the two types of evidence lies in the nuch 
faster rate that beetles move to colonise areas in response to 
climatic improvement canpared to the more slowly migrating trees and 
shrubs that take time to reach maturity. Divergences of this nature 
are also evident in the Postglacial. For example, at around 9500 a 
thenrophilous assanblage of Coleoptera indicating climatic conditions 
as warm or even wanner than tcxiay is found in south west Scotland 
associated with Betula w:x::x:lland (Bishop and Ccx::>pe, 1977). 
Turning to the thesis study area the most recent substantial 
work there is that of Newey and the following sunmarises his 
conclusions as published in a series of papers (1966,1968,1970): 
The Corstoqiline site {Newey, 1970) provides evidence for 
environmental conditions and vegetation developnent in the region 
during the Lateglacial period. The sediment stratigraphy and pollen 
content exhibit the typical three-fold division Which is found in 
Lateglacial sequences in the British Isles ahd in EUrope. A basal 
clay is separated fran an upper horizon of sandy clays, both of which 
have a lo.v pollen content, by a sequence of marls and clay-marls that 
has a mich higher pollen content. The lo.ver and upper clays were 
deposited as a result of solifluction and overland wash during 
perioos of severe cli.IPate associated with deglaciation, and during 
the Younger Dryas (loch Lc::nond) Stadia!. Very abundant 
secondarily-derived Carboniferous ~res in the upper clay provide 
evidence of soil instability arrl rrovement. The pollen is indicative 
of a sparse, open habitat with a herb-daninated, tree-less vegetation 
in which there were large areas of bare ground. In contrast the 
pollen in the nore organic interstadial sediments suggests a nore 
complete herbaceous grassland and dwarf shrub vegetation cover with a 
significant arboreal carp:::>nent consisting mainly of Betula arrl Salix. 
It is suggested that in favourable sheltered locations on 
south-facing slopes during the interstadial, there may have been 
small copses of tree birch (New-ey 1970, p.ll73). Wanner temperatures 
during this perioo are also indicated by the presence of pollen and 
macrofragments of a rich aquatic flora and fauna and also of 
Filipendula ulmaria - a thermophilous species. It is interesting to 
note that Coope (1968) fran an examination of an insect collection 
from Corstorphine suggested that the area was sUbjected to cold 
easterly winds during the Lateglacial. 
Newey's account of the Postglacial vegetation development (1965, 
1968) may be viewed in the perspective of H. J. B. Birks' (1977) 
·sYnthesis· of forest hi-story in Scotland. 
In brief, after a short period of a few hundred years follc:Ming 
the Younger Dryas Stadial in which Juniperus and Empetrum heaths were 
widespread along with herb-daninated open grass arrl sedge carmunities 
including competition-intolerant herbs, Betula ~ed rapidly at 
about 9, 800 to fonn open birch wocx:ls and willONS with tall herbs such 
as Filipendula and ferns. 
Around 8,500 BP Corylus avellana ~read rapidly to form ~xed 
birch-hazel wocrls. Edaphic factors ma.y have affected the 
distribution of Betula and Corylus, with Corylus predaninating on the 
richer soils and Betula being confined to the rrore acidic. 
Fran about 8, 500 BP the birch-hazel wocxiland was euccessively 
invaded by' Ulmus and Quercus to form mixed deciduous \\Oedland with 
Hedera helix, Sorbus aucuparia and Lonicera periclymenum. The pollen 
than in 
of rrore 
of Ulrnus and Quercus is present in much higher frequencies 
diagrams fran northern Scotland, probably as a result 
favourable soil and climatic conditions. In particular the recorded 
percentages of oak, Which is nonnally under-represented, indicates , 
that it was probably the daninant tree species even in upland areas. 
The altitude of the tree line is not knONn but work by H. H. 
Birks(l972a) in the GallONay Hills suggests that Betula, Populus 
tremula and Sorbus aucuparia may have grONn at altitudes up to at 
least 610 meters 0. D. !£::NI pollen counts for Pinus, in contrast to 
sites in Highland areas (H. H. Birks, 1972b; Durno, 1958, 1959; 
Erdtman, 1928; Pennington et al, 1972; Vasari and Vasari, 1968), are 
recorded . f;ran about. 8,000 B~. Tilia, .counts are al69 lQN f;ugge~ting ___ _ 
that this species was less camon than further south. 
Fran around 7, 000 BP, high frequencies of Alnus are recorded. 
This appears to have expanded in resp::>nse to a change -to.vards a nore 
oceanic climate and it largely replaced Salix and Betula in wetter 
·,ni:ti't 
habitats. Quercus remained abundant. The~ gro.-lth of blanket 1::x::>g in 
the area largely dates fran this time. 
A sharp decline in Ulmus pollen occurs at 5, 000 BP. It is not 
yet clear Whether the Ulmus decline was the result of a climatic 
change (Iversen, 1941), agricultural activity (Troels-Smith, 1960 
;Garbett, 1981) or a disease that spread at a rate Which radiocarbon 
dates cannot resolve (Rackham, 1980). Newey (pers. cann.) could find 
no evidence in the Lothians of ht.man interference with the vegetation 
at the time of the Elm decline; but forest clearance, small-scale 
pastoral far.ming and phases of forest regeneration are obvious fran 
about 2,000 BP, with large-scale clearance leading to the developnent 
of grassland, heath and }::)og during the Iron Age and into historic 
time, until the largely tree-less state of today was reached. Phases 
of clearance of ~land trees are interpreted fran fluctuations in 
the tree pollen frequencies Which led to the extension of heath and 
open-habitat herb species and the appearance of plantain (Plantago 
lanceolata) pollen, an indicator of agricultural activity . and other 
pollen associated with disturbed soils, for exanple, carposi tes, 
legumes, and grasses. 
Planting of trees, largely of the coniferous species, Pinus and 
Picea, during the eighteenth century and at later dates can be 
detected by an increase in the axrounts of these pollen types in 
p::>llen diagrams that extend to the present day. 
The pollen evidence therefore indicates that oak forest with 
birch was the natural forest vegetation of the area and v.ould have 
covered a large part of the lONer grourrl of the region. This 
confinns the findings of McVean and Ratcliffe ( 1962) wh:> proposed 
four potential vegetation regions for Scotland, (map 3. 5) , fran an 
examination of the existing forest fragments. Of their four regions 
the Lothians would lie in the region where oak forest with birch 
would predaninate. 
Finally to recap briefly the objectives of the present research: 
The prime aim was to examine sed.i.ments of Late Quaternary age in the 
eastern part of the plain of the Lothians of Scotland. Pollen 
analysis was used to produce a picture of the fonner vegetation and 
of its Changes during the Lateglacial and the follONing Postglacial 
pericrls. Fran the changes in the relative abundance of pollen and 
spores of particular plant species, palaeoclirnatic inferences are 
presented. As has already been derronstrated, carpared to northern 
Scotland, hitherto few rrodern investigations have been applied to the 
biological and climatic development of the lowland areas of 
south-east Scotland, apart fran those of Coope ( 1968) and Newey 
(1970) for the La.teglacial. Both of these concentrated on deposits 
at one site, namely Corstoq::hine Loch, Edinburgh. Studies of the 
Postglacial sediments at several sites were undertaken by Newey 
(1965 1 1968) • 
Three additional oojectives were: First the critical examination 
of the laboratory techniques enployed by pollen analysts, 
particularly the methcrls for 1 absolute 1 counting. Second the uses of 
a computer to perform the necessary calculations and also to produce 
pollen diagrams. Third the relative merits and weaknesses of the 
various multivariate and statistical techniques, 
employed by palynologists to objectively zone 
assessed. 
Which have been 
diagrams, were 
In oonclusion, although the main aim of the research described 
in this thesis is essentially a pollen analytical one, the fccus is 
IlU..lch broader and oovers a range of secondary topics. The work is 
geographical in context since in achievi03 the prime aim it includes 
the spatial and temporal .prerequisites of all geographic research. 
In the chapters that follo.v, after a short review of each of the 
sites investigated, the data oollected is first described and 
evaluated arrl then carpared to that fran other sites in Britain arrl 
Europe. In the final chapter the principal results are reviewed and 




The first site to be investigated was at Broxmouth. The site 
(NI'705775) was located near the the Al approxirna.tely 12 km to the 
east of East Linton and to the n::>rth of the Associated Portland 
Cement Manufacturers Ltd, Dunbar Works (map 6.1) Attention was drawn 
to a series of kettle holes, filled with freshwater deposits and 
sealed with peat, by archaeologists -working on the total excavation 
of an adjacent Iron Age fort (Hill, 1979). The excavation had been 
necessary because of the destruction that -would result fran the 
planned extension to quarrying operations for the continuation of the 
extraction of limestone fran the area between the Al and the sea fran 
Broxnouth to Skateraw. 
6.2 Stratigraphic Investigation 
In the Geological Survey Memoir for East Lothian (1910, p185) 
the sed.iroents of a former freshwater loch located between rcounds of 
sand and gravel at Broxrrouth, are described as being one of only two 
exarcples of Postglacial lacustrine deposits in the county \\Ort.lw of 
mention; the other being in a glacial meltwater channel near Balgone 
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Map 6.1 Location of Broxmouth site. 
'To 
Thin sandy soil containing beach shells (probably blONn sarrl) 
Peat 2 to 10 inChes in thiCkness 
Mar!, White tenacious, consisting almost entirely of Lymnaea, 
Planorbis, ~' and Cypris. It is divided l::1y short seams of sand 
and peat. 
At the wall next the sea a laminated clay underlies the mar!; on 
the south side, a layer of sand resting on red sandstone 
There is also an additional note to the effect that during the 
resurvey ex~les of Lymnaea and Succinea were found in large numbers 
in the "black-earth" that marks the site of the loch. 
The core was taken fran a large kettle hole, approximately 200 
metres long, that matches the description of the old freshwater loch 
given above. The kettle hole was rounded on the seaward side l::1y two 
parallel spits that did not quite seal it; there was a small channel 
at the south-eastern end. A stratigraphic investigation revealed 
that this channel was filled with gravel. To the seaward side of the 
spits there lay a raised beach, the altitude of WhiCh is 5.4 5.6rn 
O.D. On the landward side of the kettle hole, there was a 
neighl:x:>uring kettle hole at a higher altitude and beyond that a kaJre 
upon which the Iron Age Fort was. situated (map 6. I ) • Each of the 
features so far described has been subsequently cbliterated by 
quarrying. 
It was decided to study the stratigraphy of the kettle hole 
because of its proximity to the sea and the possiblity of marine 
incursions into the basin that could be related by pollen analysis to 
Ordnance Datum (O.D.). The stratigraphy of the deposits was 
investigated with the aid of a Hill er oorer; all of the oores being 
levelled into 0. D. 38 bores were made with the Hill er and revealed a 
complex but consistent stratigraphy largely made up of lacustrine 
deposits (fig 6.1). During the stratigraphic survey it was noted 
that the present day water table is only a metre or so belaY the 
surface whiCh may account in part for the excellent preservation of 
ImlCh of the pollen. Consequently it may be that the height of the 
threshold of the new'ly-closed basin holds rrore relevance for the 
interpretation of events than the contemporary sea level. 
The survey proved the existence of a basin of whiCh the altitude 
of the deepest point is -2.14m o.D. A series of gravel ridges, at an 
altitude_ of 1 - 2m, was located and mapped by repeated probing with 
the Hiller (fig 6.1). The altitude of the gravel ridges rising in 
height inland corresponds to an extrapolated figure for the Perth 
Main Raised Shoreline of 5 • or 1 . 5 m 0. D. ( Sissons et al, 1969) . The 
ridges may therefore be related to that shoreline and hence have 
originated through marine action. ·Another possible origin for the 
ridges is that they could have been formed by slON rrelt out of buried 
ice. HONever, it is thought that this m::xle of fonnation is less 
likely because of their small size. They must pre - date the 















































































































































































































































































































The stratigraphy of the basin was best developed at the deepest 
part, near the centre of the basin a.OO sanples for pollen analysis 
were taken from there using a modified Dachnowski corer. The 
gradients in the area surrounding the kettle hole are very slight and 
the superficial deposits consist largely of banded outwash 
gravels,sands and clays that are principally derived from roCks of 
Old Red Sandstone Age. 
Stratigraphic description of core: 
0 - 102 Disturbed, by ploughing, peat with sand 
102 - 111 Brownish - yellow peaty - marl with silt and shell 
fragments 
111 -132 Yellow Shelly marl with Cyperaceae fragments 
132 - 185 Light yellow marl with organic laminations, shells 
and Cyperaceae fragments 
185 - 247 Dark olive grey marl with silt, wood and shell 
fragments. Layer of very canpacted Cyperaceae 
at 191.5 ans. 
247 - 289 Very coarse shelly marl with Characeae and whole 
Lymnaea. 
289 - 314 Yellow / yellowish - brown marl with Characeae and 
bivalve shells. 
314 - 369 Coarse shelly narl with Whole Lymnaea peregra, 
organic fragments and pieces of Cyperaceae. 
369 - 413 Pale yellow fine marl with sane Characeae and shell and 
Cyperaceae fragments. Lymnaea peregra and bivalves present. 
413 - 487 Pale olive marl, increasingly clayey with depth. Layer of 
Cyperaceae fragments at 466 ems. 
487 - 503 Light olive - grey clayey marl with organic fragments and 
Cyperaceae macro - remains. 
503 - 508 Light brownish - grey fibrous marl with Cyperaceae fragments. 
508 - 511 Olive grey clayey marl. 
511 - 542 Dark brownish - grey clayey marl. 
542 - 551 Almost blaCk gyttja - like material with between 546 -
549 ems layer of fine sand. 
551 - 563 Fine sand and clay 
563 - 568 Light grey gritty organic clayey marl. No shells present. 
568 - 624 Light yellON marl with sane laminations. Shell fragments 
and plant remains present. 590 - 594.5 MuCh coarser marl 
with broken shells and pl?Ult rema.ins. 
594.5 - 610 Higher clay content. 
624 - 679 Fine laminated clayey greyish - yellow marl with moss 
fragments but no shells. 
679 - 709 Pale olive - grey clayey marl with shells 
709 - 713 Reddish brown clay with red sandstone grit. 
Since calcareous marls fonn a significant part of the sequence 
just described it is worth considering briefly the conditions under 
whiCh they are fanned. Marl fonnaticn is a bioChemical process that 
requires the presence of lime in the water and algae, suCh as Char a 
or other aquatic plants eg MyrioPhyllum spp. The shells of cammon 
fresh water mollusca, including those in the genera Pisidium, 
Sphaerium, and Lymnaea, are often also present. Photosynthesis uses 
up the dissolved carbon dioxide and in the case of MyrioJ?hyllum. 
spicatum (Hutchinson, 1970) bicarbonate ions can 'be utilised as well. 
If the rercoval of bicarbonate persists the acidity of the water nay 
decrease to such a p:::>int that the solubility prcxluct of calcium 
carbonate is exceeded and lime precipitates (Deevey, 1968). Such 
precipitaticn is favoured by high tenperatures ONing to the increased 
solUbility of carbon dioxide. At Dunbar the carboniferous limestone 
bedrock arrl calcareous till provided, through leaching, the sources 
of the base rich water. In shallON water the temperature and carbon 
dioxide concentration may 'be nore favourable to mar! deposition than 
in the deeper p:::>rtions of a lake which are cooler and richer in 
carbon dioxide. Thus hard water lakes often have a littoral girdle 
of marly sediment (Deevey, 1968). For large anounts of shell marl to 
be deposited over a considerable length of time a continual supply of 
fresh water that is rich in dissolved lime is required as is clear 
open water that is free from silt or severe disturbance of lake 
bottom algal growth and also remains too deep for colonisation py 
Typha spp and Phragmites. The nolluscan shells and am:::>rphous calcium 
carbonate of shell marl largely resist campaction. 
Samples fran the core were treated using the Walkley - Black 
methcd described in an earlier chapter (p. 4-h) in order to obtain 
their percentage carbon content. The results are presented an the 
graPh in fig 6.2. Three pronounced peaks in the percentages of 
carbon present are evident, between 430 and 570 ans, between 200 and 
280 ems and also at around 125 ems. There is in addition a lesser 
peak near 700 cms. The peaks correlate with the higher prop:::>rtion of 









































































































6.3 Preparation and Counting 
Initially samples fran 81 levels were prepared and counted. The 
samples were spacoo throughout the core and particular attention was 
paid to stratigraphic Changes When selecting the levels be analysed. 
At m:::>st levels it was possible to count a minimum of 500 grains. 
Where there was a significant proportion of pollen of arboreal 
species a sum of at least 150 arboreal grains was countoo. One 
problem that was encountered in the course of preparation of the 
samples was that slides preparoo fran levels between about 540 ans 
and 560 ems were Obscured by pyritospheres - spheres of iron sulphide 
(Fe'). S) of varying sizes (2 - 35jtffi). These were either rerrovoo by 
treatment with hOt 10% nitric acid (HNO,) (Vallentyne, 1963) or the 
samples were diluted, prior to nounting, to enable counting. During 
the counting it was noted that pollen concentrations in samples fran 
the lo.ver part of the core, fran about 500 ems to the base, were much 
lo.ver than those of samples fran the upper part of the core. The 
pollen assemblages were equally distinct. However, this was only a 
qualitative assessment based an a rough estimate of the density of 
grains an slides because no 1 absolute 1 concentration figures are 
available for this site as for the other two sites since the writer 
did not appreciate, in the early stages of the research, the 
potential value of such data. Therefore as well as drawing up a 
diagram for the carplete core (fig 6. 3) , separate diagrams have been 
prepared for lx>th the upper and lo.ver parts of the core respectively 
(fig 6. 7, 6.11) so that a closer inspection of the patterns of of 
changes in each may be made. An additional diagram (fig 6 .15) for 
the lo.ver part of the core was prepared , after extra samples had 
been analysed at a later date. 
6.4 Objective zonation 
The data fran the site have been objectively zoned using the 
ZONATION, PCA, and MDS(X) programs previously described. The results 
are presented in figs 6. 4, 6. 5, 6. 6 and in table 6 .1 . The follONing 
pollen types which each accounted for at least 5% of the total pollen 
sum at one or rrore levels: Betula, Quercus, Ulmus, Alnus, Corylus, 
Salix, Juniperus, Hedera, Enpetrum, Gramineae, Cyperaceae, Artemisia, 
Filipendula, Helianthemum, Rumex, Thalictrum, Nyrrphaea, Pteridophyta 
were used. Fran the plot of the results fran the ZOOATION programs; 
~SLINK, SPLITINF, and SPLITSQ, it is clear that the pollen 
assemblages of the upper part of the diagram are quite different fran 
those in the lo.ver portion. CONSLINK produces t'WO major groups of 
samples and is consistent with SPLITINF and SPLITSQ in identifying 
the roundary between the groups as occurring at about 490 ans. 
SPLITSQ differs slightly in placing the major s,plit a few erns above, 
between samples 41 and 42, that of SPLITINF, but this is probably 
because it is rrore influenced by the dramatic changes evident in 
levels 41 and 42 and referred to later. SPLITSQ does, hc::1Never, 
identify a lesser split that is consistent with the results fran 
CCNSLINK and SPLITINF. The results fran MDS (X) and PCA (figs 6. 5, 
6.6) also pick out this major distinction between the upper and lONer 
part of the diagram. It corresponds, as is confinned by an 
examination of the loadings en the first principal cc:.np::>nent, with 




































































































































































































































































































Fig 6.5b Loadings on first 3 components for complete core. 
tO I 
BROXMXJTH - PRINCIPAL OOMPONENTS (Conplete core) 
Canponents 
I II III IV V 
Taxon 
Betula 0.1644 0.6536 -o.5325 0.0670 0.0910 
Quercus 0.6638 -0.6060 -0.0193 -o.0314 0.0523 
Ulmus 0.7745 -Q.3821 0.1415 -0.1327 -0.0759 
Alnus 0.5517 -Q.5413 0.1124 -0.1674 -Q.l314 
Corylus 0.5418 0.5367 0.3943 -o.0592 0.2860 
Salix 0.3610 -Q.3061 -o.4118 0.4002 0.4674 
Juniperus -0.6250 -0.0880 -0.0054 -Q.5011 0.0809 
Hedera 0.3988 0.4484 0.4771 -Q.l236 0.3843 
E)ll:>etrum -o. 7464 -0.0970 -0.1035 -0.3461 0.3140 
Gramineae -0.7114 -0.3750 -0.0432 -0.0924 0.0271 
Cyperaceae 0.2258 -o .0475 0.6728 0.0305 0.4944 
Artemisia -Q.6035 -Q.ll78 0.1960 0.5352 0.1166 
Filipendula -Q.3502 -0.1337 -o.4867 -Q.2576 0.5481 
Helianthemum -0.7030 -0.1481 0.1642 -0.2281 0.1055 
Rumex -o.6264 -0.1142 0.2585 0.5471 0.0514· 
Thalictrum -Q.6602 . -o .1089 0.1926 0.2900 -0.0006 
Nyrcphaea 0.5093 -0.5590 -Q.2037 0.1249 0.2838 
Pterido!ilyta 0.2243 0.2950 -0.5968 0.1808 0.0937 
Eigenvalues 5.6105 2.6724 2.5777 1.4674 1.1916 
% of trace 31.1701 14.8469 14.3212 8.1522 6.6204 
Cumm% of trace 31.1701 46.0170 60.3382 68.4903 75.1107 
_Trace = 18. o -- ... --- -~ -- ---- -- ----









Broxmourh- complere core MDSfX) 
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Fig·6.6 MDS(X) results for complete core. 
&03 
habitat shrub, heath and herb ccmnunities and those daninated by 
thenrophilous broad leavoo trees and shrubs. Within the upper part 
of the diagram four zones are identified. SPLITSQ and cnNSLINK place 
the most significant division as being at 305 ems. SPLITINF is 
inconsistent in placing the 00undary between 290 and 295 ems I jUSt 
belON two levels (21 and 22) that cnNSLINK has pickoo out as being 
transitional and that it therefore amalgamates at a late stage. 
HONever, samples 21 and · 22 fonn part of a larger group of samples 
identified as being similar by cnNSLINK so the zone oourrlary has been 
placed beneath them. The next most i.nportant divide is placed by 
cnNSLINK, SPLITINF and SPLITSQ at 475 ems between levels 40 and 41. 
cnNSLINK separates out levels 40 and 41 as being transitional and, as 
above, they are therefore grouped together at a late stage. These 
levels mark the change fran high percentages of Betula to daninance 
by Cor)rlus. The last sub - division in the upper part of the diagram 
occurs at around 180 ems and is delimited by CDNSLINK and SPLITINF 
only. 
On fig 6. 7 the data fran the upper part of the site have been 
dra'WI'l up. The data have been zoned using the ZONATION, PCA and 
MDS(X) programs. The results are presented en figs 6.8, 6.9, 6.10 
and in table 6. 2. The zones picked out are consistent with those 
fran the ccmplete data set even though different J?Ollen types have 
been selected, using the criteria previously described, for zoning. 
The first three principal components account for 60.0491% of the 
total variance. Betula and Corylus have high J?Ositive correlations 
with the first component while Ulmus, Quercus and Fagus have 
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Fig 6.9b Loadings on first J components for upper core. 
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CUmm % of trace 30.0090 




























































































Broxmourh - upper core M05(X) 











SO tOO ISO 200 2SO 300 3SO 100 1SO SOO 550 
Depth Cc~s) 











SO tOO ISO 200 2SO 300 350 100 150 500 550 
Depth lc~sl 
Fig 6.10 MDS(X) results for upper core. 
L 
lOB 
30.009% of the total variance, therefore reflects the distinction 
between daninance of Betula and Corylus in the levels belON 300 ans 
and of the therrrophilous broad - leaved tree species, Ulrrn.ls, Quercus 
and Fagus. The second principal canponent accounts for 19. 9463% of 
the variance arrl has high positive correlations with Betula, Pinus, 
Hedera, Filipendula and Pteridophyta and high negative correlations 
with Corylus and Cyperaceae. This canponent may be interpreted as 
being the result of the swing fran the initial preporrlerance of 
Betula and Pinus to Corylus. Above 300cms the growth of Cyperaceae 
fen camrnunities in WhiCh Filipendula played an ~rtant role is 
reflected in the plot of the scores on the second canponent. The 
third canponent, accounting for only 10.0938% of the total variance 
has high positive correlations with Corylus, Salix and Nymphaea and 
high negative correlations with Alnus. It indicates the varying 
proportions of Corylus and Alnus in samples. The plots of samples 
fran the upper part of the core on both dimensions of the 2 
dimensional MDS(X) solution. highlight the divisions previously picked 
out by the ZONATION and PCA programs. 
In the lONer part of the diagram SPLITSQ produces. rx:> further 
splits. To obtain an objective zonation of the lONer part of the 
diagram the data is therefore zoned separately (fig 6.12). The 
pollen types used in the ZONATION were Betula, Salix, Juniperus, 
Fmpetnnn, Gramineae, Cyperaceae, Artemisia, Caryophyllaceae, 
Campositae, Cruciferae, Filipendula, Galium, Helianthemum, 
Ranunculaceae, Rosaceae, Rumex, Thalictrum and Pteridophyta all of 
Which contributed 5%, or nore, to the pollen sum at at least one 
Seven major zenes were identified.- · The irost significant" 
(ot:t 
split is placed by SPLITSQ between sanples 9 and 10 at 533 ans Which 
are regarde1 by c:x:x:.:JSLINK as transitional levels between two distinct 
groups of sanples. SPLITINF, ho.vever, places its nost inportant 
divide further down between levels 15 and 16. <DNSLINK groups 
together samples 15 - 38 which, apart fran the few 'basal levels, 
appear to be largely similar before amalgamating them to samples 1 
-14. SPLITSQ then splits out a group of sanples between levels 21 
and 22 and levels 23 and 24 which are also recoc;Jnise1 as fonning a 
distinct group by <nNSLINK. A further group is split out ir?. this 
manner by SPLITINF between levels 32 and 33 and levels 35 and 36. 
These groups identified by SPLITINF largely correspond to the pattern 
of amalgamations performed by ODNSLINK. The results from SPLITSQ, 
ho.vever, are not as consistent. The probable reason for this, as 
shown by <nNSLINK, is that the pollen assemblages of samples in the 
lo.ver part of the diagram are not, statistically speaking, that 
dissimilar fran each other. Turning to the results fran MDS (X) and 
PCA (figs 6 .12 6 .13 6 .14 and table 6. 3) the plots of the · sanples on 
the first and second dimensions for MDS(X) appear to confinn the 
zonation scheme outlined above. An examination of the plot of the 
scores en the first principal C011fX>nent, which accounts for 24. 9218% 
of the initial variance, and of the corresponding loadings, high 
positive correlations for Salix, Artemisia, caryopbyllaceae, 
Compositae and Rumex and high negative correlations for Betula, 
Juniperus, Entpetrum, and Gramineae, shONS that the zones are largely 
base1 en the distinction between groups of samples that are daninate1 
by species of open - habitats and colonisers of disturbed ground fran 
those which clearly suggest that shrub heath had developed .. 
IIO. 
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Pig 6.1)b Loadings on first 3 com?onents for lower core. 
BRO:xMCXml - PRINCIPAL <Xl1PONENTS (LoNer core) 
Carponent 
I II III IV V 
Taxon 
Betula -0.4716 0.2842 0.4899 -o.0651 0.0693 
Salix 0.7097 0.1650 0.3476 -0.1648 0.0809 
Juniperus -o.4685 -o.4837 0.3047 -o.0870 0.0530 
Errpetrurn -0.2917 -o.0593 0.8330 0.2460 0.0870 
Gramineae -0.5285 0.2674 -0.1383 0.1791 0.5790 
Cyperaceae 0.5452 -o.4383 0.0867 0.4725 0.1380 
Artemisia 0.7213 0.0914 0.1458 0.0712 0.1553 
Caryophyllaceae 0.7673 -0.0366 0.2525 -0.1458 0.0071 
Canpositae 0.2985 0.6074 -0.1991 -0.2368 0.2316 
Cruciferae 0.8187 0.0452 0.2542 0.0346 0.0316 
Filipendula -0.2648 0.0632 0.6306 0.3800 0.2402 
Galium 0.0353 -0.2476 -o.5808 0.4919 0.1228 
Helianthernum -0.0791 -0.6804 0.2221 -o.0755 0.1633 
Ranunculaceae 0.1933 0.1937 -0.2315 0.7576 0.2549 
Rosaceae -0.1316 -0.2879 -0.2129 -o.4125 0.6218 
Rumex 0.8734 -o.0382 0.0583 0.0600 -0.0064 
Thalictrum 0.3386 -0.4760 -0.0736 -0.3558 0.4699 
Pteridophyta -0.0162 0.7389 0.1337 -0.1060 0.3069 
Eigenvalue 4.4858 2.4125 2.2734 1.7159 1.3209 
% of trace 24.9218 13.4031 12.6303 9.5332 7.3386 
CUmm % of trace 24.9218 38.3249 50.9552 60.4884 67.8270 
Trace = 18. 00 
.. ····- ···-- ·-- - --






















Broxmou~h lower core (MKil MDS(X} 
Plot of ~aMple~ on first diMension 
175 500 525 550 575 600 625 650 675 700 725 
. Oeptk lc.-~1 
Plot of sotaple• on second di~ension 
175 500 525 550 575 600 625 650 675 700 725 
Oeptk lc~ael 
Stre•• OHAT ~ 0. 139392 
Fig 6. 14 MDS.(X) results for lower core. 
6.5 Description of local pollen assemblage ~nes 
It was decided to retain the eleven zones thus far distinguished 
by the zonation techniques as being the minimum number necessary to 
describe the significant Changes on the diagrams. The zones have 
been labelled Br I to Br XI fran the base to the top. The !X)llen 
assemblages of eaCh zone are described below: 
Zone Bri Betula, Salix, Gramineae, Rumex 687 - 708 ems. 
Gramineae and Cyperaceae account for much of the !,X)llen ident:.ified in 
this zone. Gramineae declines from about 65% at the base to about 
46% whilst Cyperaceae increases fran 3% to 6%. The only other 
significant herb is Rumex which is present at about 10% of the total 
pollen sum in eaCh level of the zone. The percentages of Betula, 
sane of whiCh was noted as being .!?..:._ nana, rises fran a.l.rrost 10% to 
over 25%. Pinus is recorded at low values of between 0. 5% and 2% as 
is Salix which is present at between 1 and 6%. 'IWo other shrubs, 
Juniperus and F..npetrum first appear near the top of the. zone. 
Pteridq)hyta make up alrrost 10% of the !X)llen sun at the base of the 
zone then decline rapidly. 
Zone Brii Gramineae, Cyperaceae, Galiurn, Rumex 664 - 687 ems 
Gramineae and Cyperaceae still for.m a large proportion of the total 
pollen sum; Cyperaceae increasing its average representation over the 
previous zone to between 10 and 15%. Apart fran Rumex, Which has 
decreased to around 5% the only other inp)rtant herb is Galiurn which 
is consistently present at between 2 and 4%. Plantago spp (c. f. 
major) appears at one level only at over 8%. Betula decreases fran 
near to 8% to zero. At the sam: level Pinus registered over 10%. 
Salix, Juniperus and Empetrurn are all present at less than 5% of the 
total pollen sum. 
Zone Brill Betula, Juniperus, Empetrurn and Gramineae 612 - 664 ans 
The average percentage of Betula present in this zone is arourrl 7 
8%. Salix and Pinus maintain a presence. Increases in the 
percentages of Juniperus and Empetrurn are recorded. Juniperus attains 
a maximun of over 20% at 620 ans while Empetrurn peaks at around 7% at 
the sam: level. Gramineae and Cyperaceae continue to dominate the 
herbaceous pollen identified. Galium, Helianthernum, Rumex, Thalictrum 
and umbelliferae are the only other herbs consistently present. 
Towards the top of the zone Filipendula first appears. 
Zone BriV ·Gramineae, Cyperaceae, Rumex 593 - 612 ans 
Betula, Juniperus and Empetrum all decline in this zone. Gramineae 
"' 
and Cyperaceae remain the m::>st daninant herbaceous species with 
Cyperaceae percentages increasing to over 20%. Of the other herbs, 
Rumex is the m::>st irrportant, being recorded at increased levels of 
between 5 arrl 7%. Artemisia, Filipendula, Galium, Helianthenu.:nn and 
Thalictrum are also present. 
Zone BrV Betula, Juniperus, ~trum, Filipendula 558 - 593 erns 
The percentages 
noted in zone 
of Betula, Juniperus alroc>st recover to the levels 
Briii. ~trum is, ho.vever, present at higher 
percentages of between 7 and 15%. The arrounts of Cyperaceae and 
Rumex fOllen recorded decline quite markedly although Gramineae and 
Cyperaceae still for.m a large pro_t:X)rtion of the };X)llen sum. 
Filipendula peaks at around 5% t.ONards the middle of the zone and 
then decreases. Galium and Helianthemum are also present along with 
lo.v percentages of M¥riophyllum alterniflorum and other aquatic 
species. 
Zone BrVI Salix, Cyperaceae, Rumex 533 - 558 erns 
Betula, Juniperus, ~trum, Gramineae, Filipendula are all recorded 
as being present at lower percentages than in the previous zone. 
Pinus and Salix ooth have increased representation in this zone as 
have Cyperaceae and especially Rumex which accounts for up to 25% of 
the };X)llen sum. Artemisia, Caryophyllaceae, Cruciferae, Filipendula, 
Galium, Heliantherm.nn and Thalictrum are all present. 
Zone BrVII Betula, Empetrum 533 - 487 ans 
The percentages of Betula and Gramineae have ooth recovered to the 
levels recorded in BrV whilst the frequencies of ooth Salix and Rumex 
have decreased. Gramineae and Cyperaceae still represent a large 
proportion of the p:::>llen sum. The Pinus curve has remained static at 
around 5% of the pollen sun as have the levels of Einpetrum. Pollen 
of aquatic and· aquatic species, suCh as Potamageton and Typha, as 
well as Pteridophyta s};X)res have a significant presence. 
Zone BrVIII Betula, Co~lus, Salix, Pteridophyta 487 - 474 ems 
Betula percentages increase rapidly to over 60% of the total pollen 
sum along with significant percentages of Pinus, Salix and Co~lus. 
Gramineae and Cyperaceae on the other hand decrease to low levels. 
Filipendula is the only other significant herb. PteridoPhtya account 
for between 5 and 15% of the total. 
Zone BriX Corylus, Betula, Cyperaceae 474 - 305 ans 
Betula percentages decrease sharply to less than 10% of the total 
While Corylus expands 
profX)rtion, between 80 
dramatically and makes up a very large 
and 95% of the .rx:>llen sum at most levels in 
the zone. Cyperaceae is the only herbaceous species present in 
significant amounts. Pteridophyta s_fX)res appear, at almost 20%, at 
the top of the zone. 
Zone BrX Quercus, Corylus, Salix, Grarnineae, N~haea 305 - 181 ems 
Betula percentages increase at the base of the zone to just over 20% 
arrl then decrease to an average level of less than 5%. Pinus is also 
present at slightly higher percentages than previously. Quercus, 
Ulmus, Tilia, Alnus and Fagus are all recorded in this zone with 
Quercus averaging 10% and Ulmus and Alnus at less than 5%. The 
Corylus . curve 
25% and 55%. 
is quite erratic with percentages that range between 
Other important taxa present include: Hedera, 
Filipendula and the aquatics Nymphaea and Typha. Pteridophyta S_fX)res 
are also significant. Same evidence of secondary .rx:>llen deposition 
was noted along with derived Carboniferous spores. 
Zone BrXI Quercus, Corylus, Cyperaceae 110 - 181 ems 
The levels of Pinus, Quercus, Ulmus, Tilia, Alnus and Fagus recorded 
remain largely the same as were recorded in the previ~ zone. The 
,, 
percentages of Corylus are rrore stable than before averaging about 
55%. Salix is much reduced while Gramineae and Betula are present at 
lower than average frequencies. 
of Cyperaceae is noted.· 
significant. 
6.6 Vegetation reconstruction 
However, a slightly higher incidence 
Aquatics and Pteridophyta ·remain 
In the following paragraphs an attempt to establish a 
reconstruction of the vegetation and a basic Chronology for the site 
is set out. 
Examining the upper part of the diagram first, zones BrVII to 
BrXI covering 487 - 110 ans depth appear to represent a vegetational 
sequence of Change fairly Characteristic of the Postglacial, although 
atypical. in sane respects. In zone BrVIII Betula forms a high 
proportion of the pollen identifierl and is present at much increased 
frequencies compared to those of the previous zone BrVII. This is 
probably a result of the rapid colonisation of much of the area 
around the site by Betula which had previously been growing only 
locally Where it was sheltered from cold east winds. The zone 
therefore represents a poase of dominance by Betula pre - dating the 
rna.ssive arrl rapid expansion of Corylus in the ensuing zone, Br!X. 
Co.rylus accounts for such a large part, up to 90%, of the total 
pollen sun at :rcost levels in that zone that it could only have been 
one of the :rcost praninent constituents of the vegetation. Corylus 
pollen is usually strongly over - represented in .IX>llen spectra since 
lll.O 
the rushes flo.ver at an early age and J.X>llen is proouced in great 
abundance. Ho.vever, Corylus flo.vers sparsely if shaded by a dense 
tree canopy so that it is like! y, therefore, that it out ...:. carpeted 
Betula for space on the base - rich well - drained gravels and was 
gro.ving as pure hazel copses or at the least as marginal to stands of 
Betula. Birks (1977) puts a date of 9700 BP on the expansion of 
Betula / Corylus based an the published work fran sites ~ south and 
west Scotland (H. H. Birks, 1972, 1975a; Durno, 1965; Fraser and 
Godwin, 1955; Moar, 1969; Nichols, 1967). 
In zone BrX the pollen of the main therrrophilous broad leaved 
deciduous species first appear at .significant frequencies. Quercus is 
consistently present at between 10 and 20% along with Ul.mus and 
sporadic 1011 frequencies of Tilia and Fagus. Alnus, which requires 
high soil rroisture, also appears and there are increased frequencies 
of Salix, Gramineae and Cyperaceae. Taking this in conjunction with 
the lo.ver percentages on the rrore erratic Corylus curve it is 
suggested that this zone represents a perioo When the water table 
rose as a result of a marine transgression or it may be a local 
effect of constriction of the outflo.v from the basin. Credence is 
lent to this suggestion by evidence, in the fonn of differential 
stain acceptance, of secondary pollen deposition arrl the previously 
noted presence of derived carboniferous spores. The picture that 
emerges of the vegetation at this time is of an Alnus fen type 
camumity with Salix surrounding the basin with on the drier ground 
Corylus and Betula. The rising water table may have reduced the 
perfonnance of trees on soils that had becane waterlogged. Quercus, 
Ul.mus and Tilia were prest.mlably the major contributors to the 
tOt{ 
regional pollen rain. 
picture of Scotland•s 
This zone therefore presents 
primeval forest development. 
a striking 
The larger 
deciduous trees, such as Quercus and Ulmus, are advancing as a result 
of two influences, soils that are riCher in nutrients than those of 
the earlier landscape (having supported Betula / Corylus scrub) and 
also a climate that provides both higher terrperatures in the surrmer 
and a longer gro.ving season. 
It is kno.vn that the main increase in Alnus occurred in GallONay 
an:l the southern Scottish lo.vlands at about 7,000 BP (Birks, 1975) 
and this correlates quite closely with the date for the maximum of 
the Main Postglacial Transgression of around 6,800 BP (Sissons pers. 
oamm.). Since there appears to be little evidence for marine 
incursion into the basin the grCMth of the spits, referred to 
earlier, must have kept pace with the rising sea level. 
In the toprost zone BrXI the percentages of Corylus recorded 
recover slightly while Gramineae and Salix decline in irrportance. 
There is no evidence for a decline in Ulmus pollen so deposition in 
the basin probab,z!ly ceasa:l sanetime before 5, 000 BP. 
Turning to the lo.ver part of the diagram it is rather nore 
difficult to construct a chronology. If it is 
minor stratigraphic change at aJ?proximately 
accepta:l that the 
540 - 560 ans, which 
correlates to BrVI, represents the Younger Dryas Stadia! then zones 
Bri to BrV llU.lst cover the Lateglacial Interstadial whilst BrVII would 
clearly be equivalent to the early Postglacial. If, oo the other 
hand, the lo.ver part of the core is not Lateglacial then 
approximately two metres of deposits were laid down in about one 
thousand years, an average deposition rate whiCh amounts to 2am I 10 
years. Although rapid this is not impossible. Walker (1970), for 
example, quotes rates of accumulation of calcareous mud of 210 cm I 
1000 years for Urswick Tarn, (Oldfield and Strathrun, 1963) and 206 am 
I 1000 years for Hawes Water, (Oldfield, 1960), for the period 7000-
5400 BC (9000 7400 BP). The rapid sediment accumulation rates 
would account for the lo.v pollen concentrations observed, but the 
stratigraphic Change at 540 560 ems would be more difficult to 
explain. 
There are,though1 a number of questions associated with the 
former inte~retation. 
Younger Dryas so poor? 
First, Why is the stratigraphic evidence for 
Second, Where is the early Postglacial 
Juniperus maximum peak, so often observed at other sites? Is it 
represented by the sul:dued peak at ea. 500 ems? If so, Why is it so 
suppressed? Third, where is the early Postglacial increase in 
aquatics that is usually found in pollen diagrams? Fourth, does the 
higher clay content at ea. 590 610 ems represent a climatic 
deterioration or is it only a local. fluctuation? Fifth, Why are the 
curves so erratic throughout the 'Lateglacial' ? 
Taking the first point, at sane sites in East Anglia the Younger 
Dryas oscillation was not registered by a Change in lithology perhaps 
as a result of gentle topography and highly porous soils or lo.ver 
precipitation (Godwin, 1968). It is therefore likely that the lack 
of clear stratigraphic evidence for the Younger Dryas is "because of-
the !ON-lying ooastal nature of the site, the very lo.v gradients, 
freely drained sands and gravels around the site and the low rainfall 
and milder climate referred to earlier. InwaSh following 
solifluction of surface material could only have been negligible for 
the above reasons. This situation should be contrasted with that of 
the Corstoqiline site, to be discussed in a later chapter, where a 
large hill with steep slcpes flanks the site and prcxluced a deep 
minerogenic layer. Certainly the average temperatures of the lake 
water must have dropped below the threshold necessary for the 
formation of marls. It is therefore likely that the lake changed 
p 
fran being eutrophic to rrore mesotrophic I oligotr~hic at this time. 
n1e presence of pyritospheres may also be indicative of a Change in 
the sedimentary envirol'll'rent at this time since they are a by -
product of the anaerobic decomposition of sulphur ccmpounds. 
Leaching and pcrlsolization of the soils of the catchment may have 
released significant axrounts of iron (Fe) and manganese (Mn) as humus 
developed. The lack of a clear Juniperus peak could be the result of 
shading out by Betula, for example, that migrates and expands quite 
rapidly. However, Junipe;rus is a ccmron shrub in ooth Pinus and 
Betula forests in Scotland at the present day so that as a \\Oadland 
plant it is certainly not shade intolerant as Godwin (1975) 
suggests. Of course 1 the Juniperus IXJllen may be that of ~ ccmnunis 
~~ the dwarf juniper 1 whiCh may not be Shade tolerant. A rrore 
likely explanation is that· the low arrount of soil disturbance in the 
catchment and the grass - sedge ccmnunities deprived Juniperus the 
open disturbed soils required for seedli~ establishment. The reason 
for the lack of the usual early Postglacial peak in aquatics is n::>t 
obvious. It may be a result of shading of the shallow water at the 
margins of the loch or brackish spray I water entering the loch. The 
'higher clay oontent' at ea. 590 610 ans oorrelates with 
biostratigraphic evidence for a very minor phase of retrogressive 
vegetation development Which may be equivalent to the Older Dryas 
event noted elsewhere. The erratic nature of the curves in the lo.ver 
part of the oore could be a function of the sedimentary environment 
in what is a relatively small basin or it oould be related to the 
sampling interval used. It was therefore decided to take more 
samples from the core to try to fill in the gaps and to verify the 
trends. Twenty additional ~les were therefore prepared and 
analysed arrl a new diagram (fig 6.15) for the lo.ver part of the core 
incor}X)rating the data from these samples was drawn. This data was 
also zoned using the ZONATION, PCA and MDS(X) programs (figs 6.16, 
6 .17, 6 .18 and table 6. 4) . Examining the new diagram it may be seen 
that the new pollen assanblages fit in with the trerrls established by 
the original samples es~cially in confirming the existence. of the 
phase of retrogressive vegetation development already observed in the 
levels around 600 ans. Turning to the ZCNATION plots (fig 6 .16) the 
results displayed are consistent in picking out the saxre zones as 
before. It is interesting that the degree of oorrespondence between 
the results from the individual zonation programs is higher than 
before suggesting that the insertion of additional levels has 
increased the inter - zonal differences, thus making the operation of 
the programs m::>re precise. This is an irrportant observation since it 
brings to light a potential source of bias. This canes ·about since 
pollen analysts invariably select a sampling scheme fran sediment 
cores that takes account of changes in stratigraphy arrl insert levels 
where intuitively it is felt that significant Changes in the 
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Pig 6.17b Loadings on first 3 components for lower core (MK II) 
BRO}{M){]ffi - PRINCIPAL COMPONENT (Lower core MKII) 
Carponents 
I II III IV V 
Taxon 
Betula -0.1820 0.7000 -o.1018 -o .0673 0.1806 
Sa1ix 0.7416 0.1596 0.0813 -o.3072 0.1312 
Juniperus -o.5222 0.1210 0.5200 -Q.1225 0.0066 
~trum -0.1215 0.8284 0.3114 -Q.1284 -Q.1631 
Gramineae -0.1201 0.5466 -0.3663 0.5050 0.1841 
Cyperaceae 0.5805 0.1080 0.3541 0.4599 -Q.2721 
Artemisia 0.7276 0.0669 0.0695 -o.0662 -o.0089 
caryophy1laceae 0.7697 0.0426 0.2034 -0.2021 0.1151 
Conpositae 0.4043 0.0810 -0.6017 -o.0827 0.3055 
Cruciferae 0.8188 0.1041 0.1701 -Q.1592 -0.0338 
Filipendula -0.1249 0.7427 0.1493 0.0075 -Q.2151 
Galium 0.1261 -0.2060 -0.1689 0.6659 -0.2345 
Helianthemt.ml -0.0457 0.2916 0.6163 0.3008 0.1498 
Ranunculaceae 0.3293 0.1788 -0.3282 0.4831 -0.4906 
Rosaceae -o.0805 -o.0083 0.1393 0.4264 0.6834 
Rt.nnex 0.8623 -0.0161 0.0987 0.0218 -0.0536 
Tha1ictrum 0.2769 -0.1595 0.3551 0.3786 0.5063 
Pteridophyta 0.2089 0.5126 -0.5661 -o.0981 0.2560 
Eigenvalue 4.1901 2.5501 2.0952 1.7769 1.4483 
% of trace 23.2791 14.1677 11.6403 9.8721 8.0465 
Cumm% of trace 23.2791 37.4468 49.0871 58.9593 67.0058 
Trace = 18.0 


















Broxmou~h- lower core (MKJI) MOS(X) 
Plot of •o~ples on fir•t diMenBion 
150 185 520 555 590 625 660 695 730 765 800 
Plot of soMples on Becond diMension 
150 185 520 555 590 625 660 695 730 765 800 
Depth l~s) 
Str••• DHAT , 0. 159212 
Fig 6.18 MDS(X) results for lower core (MK II) 
appears that the operation of the zonation programs may be affected 
by the numbers of sanples and where they are placed in relation to 
each other. 
A reconstruction of the vegetation for each zone in the lo.ver 
part of the diagram is presented belo.v. 
Zone Bri Gramineae and Cyperaceae were clearly the most ~rtant 
species in a herb daninated vegetation. The presence of Rl:nnex and 
Salix as well as a significant proportion of Fteridophyta ~res at 
the base of the zone suggest that the vegetation was open with sane 
disturbed ground·. tvluch of the Betula recorded was noted as being 
likely to be ~ nana and this with the lo.v frequencies of Pinus 
observed, which were probably a result of long distance transport of 
grains, indicate that trees were rare. The shrubs Juniperus and 
Empetrum. first appear at the top of the zone suggesting that climatic 
conditions were beginning to improve as well as the developnent of 
soils. The pollen spectra therefore reflect both a tundra. vegetation 
arrl an Arctic climate. 
Zone Brii Gramineae and Cyperaceae were still the dcminant herbs 
along with open habitat species such as Rumex and Galium. Juniperus 
arrl Empetrum fanned an insignificant part of the vegetation on the 
basis of their pollen frequencies but the flo.vering of Juniperus ma.y 
have been suppressed by the climatic conditions (Iversen, 1954; 
Birks, 197 3b) . The decrease in Betula and the corresponding increase 
in Pinus may be a consequence of a feature of percentage diagrams 
that a Change in one component will produce compensatory changes in 
all other canp:::>nents. Thus if there is a change in the proportion of 
local pollen there will be a related change in the proportion of non 
local pollen. The only way to resolve this "V.Ould be to use 
1 absolute 1 pollen methcxis, as was done for both the Balgone House and 
Corstorphine sites. 
Zone Brill The Graminaeae I Cyperaceae dominated herbaceous 
communities in this zone have a more diverse range of species 
including Filipendula, Helianthemum, Thalictrum and Umbelliferae and 
this suggests enrichment of the ~ I marsh flora. The ~sion 
of Juniperus and Empetrum presumably indicate that climatic 
conditions had improved sufficiently for these species to flourish, 
with more stable soils and probably a tendency towards a closed 
vegetation cover. The lo.v average percentages of Betula indicate 
that it was not abundant and was probably restricted to sheltered 
habitats out of the cold east winds that occur in this coastal area. 
Zone BriV There is evidence for a minor Phase of retrogressive 
vegetation developnent in this zone. The decline in Betula, 
Juniperus and Empetrum is matched by an increase in the proportion of 
pollen of herbaceous species, especially Gramineae and Cyperaceae. 
Rtnnex increases quite markedly and suggests that the area of open 
disturba:l habitats nust have increased for a short time. 
131 
Zone BrV In this zone Betula arrl the shrubs Juniperus arrl Empetrum 
recover whilst the arrounts of Artemisia Cyperaceae arrl Rumex decline 
suggesting that conditions had once again :i.rrproved. This is 
reinforced by the presence of the thernophilous Filipendula and 
Helianthemum {Iversen, 1954, 1973). Myriophyllum alterniflorum, a 
very typical Obligate aquatic of the Lateglacial, is also present. 
Zone BrVI This zone is characterised by slightly lower Betula values, 
virtually m Juniperus, lower Empetrum and Gramineae, higher 
Cyperaceae, Artemisia and especially higher Rumex, a large proportion 
of which was later identified as being c.£. Oxyria digyna· {S. Peglar 
pers. ccmn. ) Rumex acetosa and Oxyria digyna are ooth plants of 
unstable minerogenic especially base rich substrata {Iversen, 1954; 
Birks, 1973b). A group of herbaceous species commonly associated 
with Artemisia, such as the genera Caryophyllaceae, Colp:)sitae and 
Cruciferae, all of which indicate an open steppe type of tundra, 
becane nore praninent. The fact that hardly any Juniperus pollen is 
recorded whilst Betula frequencies drop only slightly is intriguing 
since Juniperus can grow and regenerate in harsher coooitions with 
lower tenperatures and a higher degree of wind exposure than can 
Betula. This is could be another illustration of the suppression of 
flowering of Juniperus by harsher conditions {Iversen, 1954; Birks, 
1973b). These changes could indicate colder nore open conditions arrl 
there is a stratigraphic change associated with a palynological me. 
It is prObable though that the coastal situation of the site would 
modify any ~limatic deterioration associated with the Younger Dryas. 
I~ 
Zone BrVII Betula recovers slightly in this zone and this in 
conjunction with higher En-petrum, Gramineae and aquatics and lONer 
Rumex suggests that conditions have ~roved once more. One might 
expect Juniperus to expand as a first response to the climatic 
amelioration, however, it flowers poorly under a Betula canopy. 
b."1 Radiocarbon Dating: 
The presence of a deposit largely composed of calcareous marl, 
as mentioned earlier, is clear evidence that these sediments 
accumulated under hard water conditions. It must therefore be 
assumed that any· radiocarbon dates that could have been obtained fran 
the sequence v.ould probably have reflected. the incorporation in the 
marls of
1
'tc deficient, i.e. containing infinitely old carbon, 
carbonate minerals derived from the limestone bedrock and the 
superficial dri~. . ( 7 ) . 14 As outl~ned by Shotton 19 2 the convent~onal C 
ages treasured for such ma.terials are an over - estimate of their true 
date of deposition. This hard water effect may be avoided if a 
sufficient quantity of material of terrigenous origin e.g. 'WOCrl 
fragments, leaves etc can be identified and recovered fran the 
sediment ma.trix. Unfortunately rx> such quanti ties of ma.cro fossil 
remains were evident in the samples collected fran Broxm::>uth despite 
Im.ll tip le - shot coring. Radiocarbon dating of nuch smalier arcounts 
( 3 - 5 rrg) of terrestrially derived ma.terial preserved in calcareous 
sedirnents might be ma.de J;X)Ssible in the future with the developnent 
of cyclotron or Van der Graaf accelerator dating (Muller, 1977; 
Mugh, 1978-; Bennett, 1979). 
t33 
Harkness, in Keating and Dickson ( 1979) , presents two 
independent rrethoos for calculating corrections to account for the 
canbined influence of hard water effects and finite age on 
conventional radiocarbon dates. The first is based on the assumption 
that the input of organic debris and the rate of sedimentation have 
ranained constant. Extrapolation of the rreasured 1 organic 1 age I 
depth curve to the sediment surface then provides an estimate of the 
hard water error throughout the profile. Clearly the basic 
assumptions of this methoo are invalid for fet~ sites satisfy the 
criteria of both uniform organic input and even sedimentation rates. 
The second method, the m::rlel approach, which is admitted to be 
t3 I •1.. speculative is based on using variations in the stable ( C C) 
isotropic ratios to assess the relative proportions of terrigenous to 
aquatic derived carbon in the organic carponent of the sediments. 
This information in conjunction with the measured (
14c I 1C) enrichment 
values would then allo.v an evaluation of the radiocarbon age I depth 
relationship which v.ould be independent of the previous assumptions 
as to the constancy in the rate of organic deposition. Ho.vever, 
assumptions are made a}:x)ut hydrogeochemistry and a}:x)ut maximal hard 
water conditions throughout deposition that ma.y or may not be valid. 
It is felt that little confidence could be expressed a}:x)ut 
corrections derived using these tv.o rrethoos even though Harkness 
points out that they do produce consistent results. 
It was therefore decided not to attenpt to radiocarbon date the 
material fran the Bro:xrrouth. site, or fran the other t\\0 sites 
Balgone ·House and Corstorphine~ ·though it is hoped that this will 
13/.r-
prove possible in the future. 
b.B Conclusion 
In conclusion, the Broxmouth site is thought to exhibit a 
stratigraphy dating from the early Lateglacial with deposition 
ceasing at sometime in the mid - Postglacial. There are two 
contrasted environments, one belonging to the Lateglacial arrl a later 
one shONing the early developnent of the therrrophilous deciduous 
wocrlland characteristic of the Postglacial "Boreal" pericrl. The site 
itself indicates the rich aquatic, marsh and swamp marginal plant 
camu.mities that flourished throughout the time represented being 
especially rich in the later pericxi. The organic prcrluctivity of the 
site is thus shONn to increase rapidly in the Postglacial with the 
establishment of the daninant Quercus and Ulmus, broad leaf deciduous 
genera. These were accarpanied by the shrubs, Corylus, Salix, and 
!lex. A rich ground or field layer is also indicated by the pollen 
of herbs of wocrlland conditions, Rosaceae, Labiatae, Canposi tae, 
Grarnineae, Pteridophyta. The presence of !lex, Hedera and Tilia 
confinn the characteristics of the later "Boreal" climate with 
reduced incidence of frosts. In the absence of radiocatbon dates, 
for the reasons explained above, it has not been possible ~make 
correlations with other sites except in a very general way. It was 
decided therefore to try to locate another site close to Broxmouth, 
in East Lothian, that had a clear tripartite division of the 
Lateglacial sediments and to examine these in detail with a view to 
making oamaprisons with the 'results from Broxmouth. A site that 
t3s-
fulfilled the necessary criteria was located at Balgone House and is 
described in the next Chapter. 
t3b 
CHAPrER 7 
BALGONE House site: 
7.1 Introduction: 
The second site to be studied was at Balgone House (NI'563824) , 
map 7 .1, just to the south of North Berwick Law in East Lothian. The 
site is located between t~ ornamental lakes, dug fran the peat (see 
section descripticn belo.v) in the last century, in a glacial drainage 
channel. The peat accumulated following the infilling of the lake, 
with sediment, that existed at deglaciation. As mentioned in the 
previous Chapter a section of the lacustrine deposits, exposed in a 
sinking made to receive a gasaneter, is given in the Geological 
Survey Merroir (1910) for East Lothian (p 185). No signs of the gas 
holder or its shaft could be found despite engaging the assistance of 
the estate ~rkers. It must therefore be asstuned that the holder was 
rerroved and the hole left behind filled in sanetime before the Second 
World war. 
The section as recorded by Sir Rcrlerick Murchison in the paper 
referred to above is as follo.vs: 
Modern debris of clay and fragments from adjacent cliff. 
Black peat, with a few Lymnaea in its lower part, and thickening 
to 8 - 10 ft, in the centre of the depression. 
Shell marl with Lymnaea; a few inches thick only on this side of 
the lcx::h rut thickening tONards the centre of the valley. On this 
rested bones a~d shells. 
Coarse glacial drift, 3 ft 
Finely laminated grey sand 2 to 3 ft. (water beneath) 
---
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Map 7.1 Map showing location of Balgoae House ette. 
The oones mentioned in the above description, were according to 
the Merroir, present in large ntmlbers and included the remains of red 
deer (Cervus elaphus), wild boar (Sus scrofa), aboriginal oxen (Bos 
taurus primigenius), 
human skulls. The 
horse (Equus caballus) etc in association with 
oones were given to Professor Huxley Who 
apparently found nothing "remarkable" in them. It is suggested 
( Geol. Surv. .2E.!_ ci tt. ) that When the narro.v valley was occupied by a 
lake, in Which Lymnaea lived, there was a settlement near its edge 
arrl that the oones of animals slaughtered were cast into the water. 
It is further suggested that a very long time has elapsed since they 
were buried. The presence of human skulls, as recorded al:x:Jve, in the 
lake sedirnents is intriguing since it seems unlikely, to the writer, 
that they were thrONn into the lake along with the other remains. 
Perhaps they represent evidence for a prehistoric accident, ritual 
killing / burial or just general mayhem? 
1.'L Site stratigraphy: 
A stratigraphic survey was conducted using a Hiller borer, 
concentrating mainly on the area between the tv.o lakes. The ground 
between them was traversed at regular intervals in order to build up 
a picture of the straigraphy. It was found that the depth of the 
deposits decreased quite rapidly rroving away fran the end of either 
of the tv.o lakes to a minimum of around 150 ems at a point 
approximately midway between them. At this point the cx:>res, after 
passing through a sequence of peats hit, sand through Which it was 
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not possible to penetrate even using the augur attachment. The depth 
of the peats increased as has already been mentioned arrl at around 
4. 5 metres depth the basal sand gave way to clays (fig 7 .1) • The 
core for analysis was taken fran the deepest point that could be 
sampled using the DachnONski corer and CNer 9 metres of deposits were 
sampled. With the Hiller a maximum of 14 metres depth was recorded. 
The stratigraphy of the core taken for analysis was as follows: 
ens depth 
0 - 120 Disturbed peat 
120 - 130 Well-humified peat with Cyperaceae/Phragmites rootlets, 
stems etc 
130 - 301 Well-humified dark brown peat with wood fragments 
cf Betula. 
301 - 589 Coarse well-humified dark brown peat with wood fragments. 
Same Cyperaceae/Phragmites macrofragments/remains 
589 - 599 Band of highly compressed Cyperaceae fragments 
599 - 604 Cyperaceae peat 
604 - 610 Transitional to calcareous marl 
610 - 622 calcareous mar 1 with abundant shell fragments. 
Faint laminations. Decreasing humic content with depth. 
622 - 643 Dark olive grey gyttja with very fine matrix and same 
shell fragrrents 
643 - 663 Olive shell marl, rrore humic material present than in 
the marl above 
663 - 667 Transitional marl to grey clay 
- ·-
667 - 678 Dark grey clay with grit and Cyperaceae fragments 
III-I 
678 - 747 Greyish brown clay with abundant Cyperaceae remains 
throughout. 
747 - 760 Coarse sand 
760 - 795 Clayey gyttja. Black in colour When freshly ~sed, 
rapidly turns greyish - brown (2.5Y 5/2) 
795 - 859 Pale olive calcareous gyttja/gravel 
859 - 861 Sand 
861 - 878 Greyish - brown clay 
878 - 895 Mixture sand and clay 
895 - 910 Sand 
r · ~ 7~ 
The stratigraPhy at this site strongly resembles that of other 
sites in the British Isles that have been shONn to be of Lateglacial 
provenance. The lo.vernost clays and sands were found to be non -
polleniferous. They probably represent sediments washed into the 
lake during and ~ediately following deglaciation. 
1·3 Sample preparation and counting: 
105 samples fran the core were analysed. At each level a pJllen 
sum, based on dry land taxa, excluding obligate aquatics and spJres, 
of 500 grains or nore was counted, though this was not always 
possible When counting slides preparerl fran minerogenic horizons. To 
each sample during preparation, "pollen" tablets (Stockmarr, 1970) 
were adderl and a tally of the exotic Lycopc:rlium spores was recorded 
so that concentrations could be calculated. Percentage and 
concentration pJllen diagrams were drawn up for the site. As a 
result of the dataset being over 100 samples the arrays in POILDATA 
and ZONATION had to be enlarged to take the additional samples; a 
relatively straightforward procedure. Since the samples in the lONer 
part of the diagram are so closely spaced it was decided to draw up 
separate diagrams for this part of the core. 
The dataset was objectively zoned usi03 the ZONATION, PCA and 
MDS(X) programs. The data fran the canplete core and that fran the 
lONer part of the core were zoned separately because of the large 
number of sanples taken fran near the rese of the core and their 
close spacing. 
~·~Results for objective zonation: 
The follONing taxa, 'Which all exceeded 5% of the pollen sum at 
at least one level, were used: Betula, Ulmus, Quercus, Alnus, 
Corylus, Salix, Juniperus, Fmpetrurn, Gramineae, Cyperacae, Artemisia, 
Filipendula, Helianthernum, Rumex, Thalictrum, M¥rioPhyllurn, 
Pteridophyta and secondarily - derived Carboniferous spores. On 
examining the results fran the ZOOATION program (fig 7.3 and appendix 
2), it is apparent that the first major split is not consistently 
identified by SPLITINF and SPLITSQ. SPLITINF places the ~jor divide 
between levels 41 and 42 while SPLITSQ puts it between levels 40 and 
41. The zone ooundary is placed between levels 41 and 42 beneath 
three levels that CONSLINK identifies as transitional and therefore 
amalgamates in late. The next most ~rtant split is placed by 
SPLITINF between samples 18 and 19. SPLITSQ again places the zone 
ooundary arove a sample regarded by ~SLINK as transitional i.e. 
between levels 17 arrl 18. The third most important split is placed 
between samples 58 and 59 separating off the lo.ver part of the core. 
No further splits are distinguished in this part of the core by 
SPLITSQ and only one by SPLITINF. Splits are identified by SPLITINF 
and SPLITSQ between levels 49 arrl 50, and between 44 and 45. Levels 
44 and 45 are identified by CDNSLINK as being distinctly transitional 
arrl the zone boundary is placed betweeen them. An additional split 
is placed by SPLITINF between levels 31 and 32 and by SPLITSQ between 
levels 30 and 31 While OONSLINK identifies distinct groups of samples 
above and belo.v level 30. 
Turning to the results fran PCA for the carplete dataset (figs 
7 • 4, 7 . 5 and table 7 .1 ) the first three principal carponents account 
for 60.3382% of the total variance. The plot of the scores of 
samples an the first principal component, accounting for 31.1701% of 
the total variance, Which has high positive loadings for Ul.mus, 
Quercus, Alnus, Corylus and high negative loadings for Errpetrum, 
Gramineae, Cyperaceae, Rumex and Myriophyllum, sho.vs the distinction 
between those samples with a daninance of tree species arrl those with 
largely shrub and herbaceous carmunities. 
On the plot of scores of samples on the second. principal 
canponent, accounting for 14.8469% of the total variance, that has 
high positive loadings for Betula, Ul.mus, Salix and Juniperus and 
negative loadings for Quercus, Alnus and Corylus illustrates the 
pattem of the expansion of Betula, follOiled. by COrylus · and Quercus· 




































































































































































































































































































Pig 7.5 PCA loadings on first 3 components for complete core. 











































Cumm% of trace 31.1701 




























































































The third principal component that absorbs 14.3212% of the 
original variance is less easy to interpret. It has high positive 
loadings for Errpetrum, Gramineae, Helianthemum am Rumex arrl high 
negative loadings for Filipendula, and Thalictrum. The oscillating 
curve in the lCMer part of the plot, fran 670 ans d.oNn, presumably 
reflects the changing daninance of carmunities by different 
herbaceous species. 
Results for MDS(X) are not available for the complete core 
because the dataset containing over 100 sarcples is tcx:> large to be 
processed without using inordinate amounts of computer time in 
performing the iterations. 
On fig 7 • 7 the results fran the ZCNATION program for the lCMer 
part of the core are plotted. The follCMing taxa were used, which 
all exceeded 5% of the pollen stnn at at least one level: Betula, 
Corylus, Salix, Juniperus, Errpetrum, Gramineae, Cyperaceae, 
Artemisia, Filipendula, Galitnn, Helianthernum, Ranunculaceae, Rumex, 
Thalictrum, MYEioPhyllum, Pteridophyta, Selaginella and secondarily -
derived Carboniferous spores. The results fran CDNSLINK, SPLITINF 
and SPLITSQ are all consistent with those fran ZCNATICN of the 
canplete dataset in identifying zone boundaries at 657 .5. ans, 682.5 
and 756 ans. The remaining zones are largely identified by the 
gra.1ping of sarcples by cnNSLINK and by the splits produced by SPLITSQ 
arrl to a lesser extent by SPLITINF. Zone boundaries are placed 
between sarcples 25/26 _(766 ans)J 3~_/38 (783 ans), 46_/47 (801 ans), 
54/55 (817 ans) and 62/63 (833 ems). 
111-B 
The results fran PCA are presented in figs ( 7. 8, 7. 9) and in 
table ( 7 . 2) . The first three principal canponents account for 
56. 0988% of the total variance. On the plot of the scores of sanples 
on the first principal carnponent, that accounts for 22.1092% of the 
total variance and has high };X)si ti ve loadings for Juniperus, 
Empetrum, Filipendula, Helianthemum and high negative loadings for 
Cyperaceae, Artemisia and secondarily - derived Carboniferous ~res, 
the distinction between sarcples sho.ving shrub developnent including 
heliophytes Juniperus and Helianthemum and those with open - habitat 
herbs such as Artemisia, Rumex and Thalictrun, is highlighted. 
The second canponent principal canponent accounting for 21.5471% 
of the total variance and having high };X)sitive loadings for Betula, 
Salix and Pteridophyta and high. or moderate negative loadings for 
Empetrum, Gramineae, Galium, Helianthemum, Ranunculaceae, Rl:nnex and 
Thalictrum appears to indicate the difference between sanples that 
suggest heath and herb camnmities and those with either a high 
Betula and Salix content or a predaninance of ~re types. 
The plot of scores on the third principal carnponent, which 
accounts for 12.4425% of the total variance and has high };X)sitive 
loadings for Galium and Rl:nnex and significant negative loadings for 
Juniperus, Empetrum, Artemisia, Filipendula, Helianthemum, 
Selaginella and secondarily - derived Carboniferous ~res, reveals 
the contrast between sarcples indicative of camumities daninated by 
open - habitat species such as Galium and Rumex and those with either 


































































































































































































































































































Fig 7.9 PCA loadings on first 3 components for lower part of core. 
l5( 
BALGONE OOUSE - PRINCIPAL CDMPONENTS ( lo.ver core) 
Carponents 
I II III IV V 
Taxon 
Betula 0.4035 0.7468 0.3823 -o.0610 -o.0888 
Corylus 0.0388 0.4411 0.2280 -0.2357 -0.6797 
Sa1ix -0.1012 0.8620 0.1115 0.1171 0.3483 
Juni~rus 0.7420 -0.0635 -o .3870 -o.0997 0.0783 
Empetrum 0.7221 -o.4164 -0.3873 -0.0160 -o.0329 
Gramineae 0.3771 -0.7593 0.2974 0.1311 0.0743 
Cyperaceae -o.5563 -0.2587 -o.2353 0.4638 -o.0075 
Artemisia -o.7537 0.1052 -Q.3684 -o .2457 0.1404 
Fi1ipendu1a 0.6378 0.3812 -o.3226 0.2658 0.2409 
Galiun 0.0125 -o.4810 0.6347 -o.2023 0.2815 
He1ianthemum 0.6211 -o.3638 -0.3889 -0.1594 -o.0045 
Ranuncu1aceae 0.1677 -0.3957 0.1048 0.2732 0.0022 
Rumex -0.3538 -0.3816 0.4967 0.3099 0.2163 
Tha1ictrun -0.2938 -0.3156 0.0042 -o.5822 0.3629 
Myriophyl1un -0.1069 -0.0920 0.2292 0.4002 -0.3164 
Pteridophyta 0.2806 0.7720 0.1056 0.2241 0.4022 
Se1agine11a -o.3055 -0.1261 -o.4899 0.4140 -o.0039 
carb. spores -o.7052 0.1407 -0.4796 -0.1216 -o.0245 
Eigenvalue 3.9795 3.8784 2.2396 1.4190 1.2020 
% of trace 22.1092 21.5471 12.4425 7.8835 6.6781 
Cumm % of trace 22.1092 .43.6563 56.0988 63.9823 0 70.6604 
---- --··- .. ·---- ---- --- -
--
Trace = 18.0 
Table 7.2 PCA results for lower part o:f core. 
IS:Z. 
BALGONE HOUSE - M05(X) 
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Fig 7.10 MDS(X) results for lower core. 
/53 
Selaginella or secondarily - derived Carboniferous ~res. 
The results fran ML\S (X) for the lo.ver part of the core are 
presented in fig(7.10). On the plot of samples an the first 
dimension, the zones identified by ZONATION, especially Baii, BaV arrl 
BaVII, are clearly distinguishable. 
1·SDescription of pollen zones: 
Zone Bai Gramineae, Cyperaceae, Betula (cf nana), Rtm1ex 833 - 840 ems 
Pollen of herbaceous species, particularly Gramineae and 
Cyperaceae, fonn between 57.5% (836 ens) and 66.11% (840 ens) of that 
identified in this zone. The percentages of Gramineae range between 
31.33% and 44.63% and C¥.Peraceae is 
incidences of between 6.61% and 13.92%. 
recorded as having lo.ver 
The only other herb present 
in significant arrounts is Rumex which rises to attain a maxi.Im..nn of 
just over 7% at the top of the zone. Other herbaceous species 
recorded include Artemisia, 





Papaveraceae, Ranunculaceae, Thalictrum and Umbelliferae. . A single 
grain of Gypsophila was recorded at 838 ens and the significance of 
this firrl is discusserl in a later section in this chapter. Betula, 
much of which was noterl as being cx:nparable to.!!!_ nana, occurs at 
percentages ranging from 23.34% (838 ens) to· 37.34% (836 ems). Also 
present are lo.v percentages of Pinus, Juniperus, Salix, and :Errpetrun. 
IS*-
Aquatics, including Myriophyllum, N~haea and Potamageton and spores 
fonn an insignificant proportion of the _p::>llen sum in this zone. 
Zone Bail Gramineae, Cyperaceae, Rumex, Betula 817 - 833 ems 
The herbaceous carponent of. the pollen sum is larger in the 
levels making up this zone CCllpaied to the previous zone (Bai). 
Herbaceous species make ·up between 75.29% (832 ems) and 91~80% at 
(828 ems). Gramineae is the rrost important herb being recorded at 
higher average frequencies of around 50%. Cyperaceae is present at 
10 - 15% of the _p::>llen sum. Rumex peaks at 16.21% at 828 ems. The 
only other herbs present in significant amounts 
Thalictrum. Filipendula first appears in this 
are Galium and 
zone. Betula 
percentages have declined. to an average figure of around 10% with the 
maximum of 14.29% being recorded at 832 ems at the base of the zone 
and a minimum of 6. 05% at 828 ems. Pinus, Juniperus and Salix 
maintain their presence. Fropetrum is present at 2% at the top of the 
zone. 
Zone Baiii Juniperus, Gramineae, Cyperaceae 801 - 817 ems 
Betula is consistently recorded at less than 10% in this zone 
whilst Juniperus increases fran 2% at the base of the zone to reach 
just over 10% at the top. Herbaceous species maintain their 
daninance at 75 - 85% of the total with Gramineae averaging 55% and 
Cyperaceae 10%. Rumex noticeably declines to around 2%. Galium, 
1~5 
Heliantherm.nn and Thalictrum are the only other herbs recorded in 
significant amounts. 
Zone BaiV Juniperus, Betula, Filipendula 817 - 756 ems 
Betula percentages recover slightly in this zone with higher 
average percentages, of between 8 - 16%, being recorded. Juniperus 
attains a maximum of over 20% at 786 ans with a minimum of 7.98% at 
BOO ems. Empetrum is present at 3 5% of the total J.X)llen sum. 
Herbaceous species account for a lesser pro!_X)rtion of the total, than 
in the previous ~ne, of around 60 - 70%. Percentages of Gramineae 
range between 40% and 50% and those for Cyperaceae 5 - 10%. 
Filipendula peaks at 8.7% at the top of the zone. The levels of 
Rumex are similar to those recorded in Baiii. 
Zone BaV Betula, Rumex, Gramineae, Carboniferous spores 682.5 - 756 
ans 
Betula i present at between 5 and 15% of the total. Pinus is 
recorded er age values c. f. zone BaiV of 1. 5 - 2. 5% 
peaking at 3.45% at 774 ans. Juniperus percentages are lONer with a 
minimum of 1.19% at 771 ans and a maximum of 9.38% at 781 erns. 
Empetrum peaks 5% at the top of the zone whilst Salix reaches a 
maximum of 3. 65% at 77 5 ans. Herbaceous species have an increased 
-representatioo in this zone acoountJng for over 70% of· the totai 
pollen sum at all levels with a maximum of 87 . 78% at 77 2 ams. 
/Sf:, 
Gramineae averages between 40 and 60% of the pollen sum where 
Cyperaceae is present at between 10 to 20%. Rumex peaks at 9.42% at 
775 ans and 2% Artemisia is recorded at the same level. 'lbe maxim..trn 
of 14.26% for Filipendula occurs at the ba.se of the zone. A min.i.rm.nn 
of less than 1% is reached to.vards the middle of the zone before 
Filipendula once again recovers to 4.92% at the top. Significant 
anounts of carboniferous spores are recorded in the zone. 
Zone BaVI Juniperus, Betula, Filipendula and E?:npetrum 756 -766 ans 
In this zone Juniperus almost recovers to the levels previously 
noted in BaiV with recorda:l frequencies of between 6.85% and 16.21% 
at 761 ans. E?:npetrum attains its maxim.Im of 9.51% at the ba.se of the 
zone. Herbaceous pollen accounts for a laver proportion of the total 
pollen ~urn than in the previous zone. Gramineae percentages range 
between 40 and just under 50% while Cyperaceae is present at between 
5 and 25%. Filipendula reaches a maximum of 13.73% at 763 erns. Rumex 
frequencies are laver only increasing to 4.89% at the top of the 
zone. Other herbs include Galium, Heliantherrum, Ranunculaceae, 
Thalictrum and Umbelliferae. 
spores are present. 
Insignificant arrounts of carboniferous 
Zone BaVII Gramineae, Cyperaceae, Artemisia, carboniferous spores 
682.5 - 756 erns. 
Betula drops to lav frequencies of 2 - 5%. Pinus increases and 
averages 2 - 4% with a maximum of 10.65% at 690 ans. Salix has 
increaserl representation reaching a maximum of 12. 55% at 690 ans near 
the top of the zone. Herbaceous species account for between 80 and 
al.Irost 90%. The frequencies of Gramineae are much rerlucerl in this 
zone While Cyperaceae increases reaching in excess of 50% at 690 ans. 
Artemisia is an ilrportant herb peaking at 24.74% at 725 ans as are 
Caryophyllaceae, Which reaches a maximum of 11.43% at 700 ans and 
Cruciferae, Which attains its highest value of 5.83% at 730 ans in 
this zone. Rumex rises to almost 10% at 740 ans and Thalictrum is 
present at between 2 - 5%. The spores, include a large proportion of 
secondarily - derived Carboniferous spores. 
Zone BaVIII Betula, Salix, Juniperus, Myriophyllum 657.5 - 682.5 ans 
Betula rises from 4.18% at the base of the zone to reach a 
maximum of 13. 43% at 665 ans. Pinus percentages fluctuate between -3 
and 5%. The shrubs Salix, Juniperus and Fn"petrum are each present at 
lON average percentages. Corylus makes its first appearance in this 
zone. Herbaceous species rena.in irrportant fonning between 72.14% 
( 665 ans) and 90 .18% ( 680 ans) • Gramineae is the rrost irrportant herb 
ranging from 35.07% at 665 ems and 59.92% at 680 ems. Cyperacea~~is 
11 
recorded at lONer percentages than in the previous zone Ba\!II, with a 
minimum of 9.07% at 660 ems and a maximum of 18.84% at 665 ans. 
Filipendula reaches 12.63% at 665 erns. Rumex and Ranunculaceae are 
the only tv.o other herbaceous species recorded in ooticeable anounts. 
Aquatics exparrl quite dramatically at the ba.se of the zone with 
M¥riophyllum alterniflorum in particular accounting for 57.52% of the 
~.*"!" _.. ' 
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pollen sum. Pteridophyta undiff. and secondarily - derived 
Carboniferous spores between then ayerage 5 - 10% of the pollen sun. 
Other spore types present include Dryopteris type and Polypodium 
vulgare. 
Zone BaiX Betula, Juniperus, Filipendula 640 - 657.5 ans 
The percentages of Betula recorded increase markedly in this 
zone to between 35 and 50% of the pollen sum. Pinus is present at 
similar frequencies to those of the previous zone while Salix 
averages approxinately 11%. Juniperus peaks at 13.5% and then 
declines rapidly. Empetrurn is IIU.lch diminished with only a trace being 
recorded. Herbaceous species anount to between 30 and 40% of the 
total pollen sum of which the major part is made up of Gramineae and 
Cyperaceae. However, Filipendula is an ~rtant herb in this zone 
peaking at 15.25% at 655 ans. Spores, including Pteridophyta urrliff. 
and D£Yopteris type, for.m a significant proportion of the 
microfossils identified with over 25% in eaCh level and a maximum of 
41.88% at 655 ems. 
Zone BaX Corylus, Betula 535 - 640 ans 
Corylus forms the major part of the p::>llen identified at nost 
levels in this zone reaChing a max~um of alnost 90% at 595 ems. 
HONever, Betula is initially the daninant species at CNer half of the 
pollen sum at 625 and 635 ans. Pinus, Ulnu.ls and Quercus are also 
15"1 
present with lo.v frequencies. Herbs, mainly Gramineae and Cyperaceae 
with Filipendula, are less important numerically than hitherto. 
Zone BaXI Corylus, Querc~s, Betula, Ulmus 435.0 - 535.0 ems 
Betula percentages are largely similar to those in the previous 
zone BaX While the representation of Pinus and Ulmus have increased 
slightly. Quercus percentages though increase quite markedly and 
average 15 - 20 % of the pJllen sum but Corylus percentages are lo.ver 
averaging 40 - 50%. 
Zone XII Alnus, Quercus, Ulrnus 265.0 - 435.0 ems 
Alnus is the dominant species in this zone rising rapidly from 
the base of the zone to reach a maximum of over 85% at 305 ems. 
Betula, Quercus, Ulmus and Ptnus are all recorded at lower levels 
than in the previous zone BaXI. Pteridophyta and Cyperaceae both 
increase quite sharply to.vards the top of the zone. 
On the t\\0 concentration diagrams ( figs 
boundaries of Bal to BaXII have been marked. 
7.11, 7.12) the zone 
In table 7.3 the 
minimum, maxinu.nn and average concentrations of pJllen in samples from 
each zone are presented. Examining the colurrm for average 
concentrations it may be seen that there is an almost twofold 
increase in the average concentration between zones Bal and Ball. 
Zones Ball to BaV exhibit markedly similar average concentrations. 
/bO 
The mean concentration of· pollen in zone BaVI is nearly three times 
as high as that in zone BaV arrl is practically five times higher than 
that recorded in zone BaVII. The figures for zones BaVIII to BaX 
shaH a m::rlerate increase, 1. 5 - 2. 5 times, between zones. . Zone BaXI 
breaks this trend by recording a decrease in average concentration to 
less than half that in the previous zone BaXI. The figure for zone 
BaXII is over two times as high as that for BaXI and is therefore 
approximately the same as that for BaX. 
ZCNE Maxirm.lm Mean 
11- IJ. 
3.37 X 10 If. Bai 2.9642 X 10 4.2849 X 10 
Baii 3.7721 X 10/f 9.2366 X 10~ 6.44 X 10"" 
Baiii 3.0498 X 1011- 8.2973 X 10/1. 5.58 X 10~ 
BaiV 4.0798 X 1011- 7 .1336 X 104- 5.56 X 10~ 
BaV 4.6843 X 10~ 1.1184 X !OS" 5.59 X 10 ~. 
BaVI 1. 3648 X 10 S'" 1.77 X !OS 1.49 X 10 5" 
BaVII 1.7051 X 10~ 4.8837 X 10
11 
3.25 x 1o*" 
Ea VIII 7.397 X 1011- 8.8723 X 10 ~ 7.97 X lOll-
BaiX 6.9615 X 10* 1.55 X 10
5 1.23 X 10~ 
sax 9. 7891 X 10~ 3.4655 X 10 5 2.27 X 10~ 
BaXI 3.7128 X 104 1.6176 X 10~ 1.03 X 10
5 
BaXII 4. 9891 X lOif 3.014 X 10 S 2.24 X !Of" 
Table 7 . 3 Minimum, Maxirm..Jn ?lfld mean pollen concentrations by zone 
161 
The concentration diagrams confirm features already observed 
alx:>ve on the percentage diagrams. There are clearly marked peaks in 
the concentrations of Juniperus Filipendula, and Rumex, in the lc:Mer 
part of the diagram, in zones Ba.IV . and Ba.VI. The rnaxirra..nn 
concentrations of Juniperus (2 .673 X 10~ grains/cubic an) and 
Filipendula (2.2275 X lO""grains/cubic an) in zone Ba.VI are between 
tv.o and four times as large as the corresp::>nding figures for zone 
Ba.IV of (1.2175 X lO~,egrains/cubic an and 6.1524 X lOlgrains/cubic 
an) . Fropetrum attains its maximum concentration 3 of 1.6842 X 10 
grains/cubic an at 765 ans. Betula concentrations shCM less overall 
variation in the lONer part of the diagram than might be expectoo 
from an examination of the percentage diagram. In particular the 
concentrations of Betula in zone Bai are largely similar to those in 
zone BaVI which is in sharp contrast to the corresp::>nding percentages 
in which there is a threefold decrease from over 30% to around 10% of 
the total pollen sum. This is an illustration of one of the 
advantages of concentration data has over percentage counts in that 
the pollen concentrations are independent of the interrelations of 
taxa within the p::>llen sum and give the true fluctuations of each 
taxon. Carboniferous sp::>res are recorded as reachin:J their highest 
concentration of 2. 7122 X 10*" grains per cubic an at 720 ans. 
Aquatics, largely MyriOPhyllum alterniflorum peak at 4.2507 X 10~ 
grains /cubic an at 680 ans. This peak is succeeded by . peaks for 
Filipendula of 2.3561 X lO~grains / cubic an, Juniperus of 2.093 x 10~ 
grains / cubic an and Salix of 1 • 6983 X 10 • grains / cubic an at 655 
• · I · 650 ems and for spores of 6.4943 X 10 gr~ cub1c cm at erns. 
There then follONS the expansions in the concentrations of the 
various tree and shrub species. Betula expands rapidly from a mininu.nn 
1. 
of 4. 3646 X 10 grains I cubic an at 725 ans to a maxinrum of 1. 34 79 X 
10 or grains I cubic an at 625 ans in zone BaX. This Betula maxinrum is 
fo1lo.ved by a maximun concentration for Corylus of 2. 7499 x 10s grains 
I cubic an at 590 ans in the same zone, BaX. Quercus attains its 
highest value of 2.8037 X lO~grains I cubic an at 480 ans in zone 
BaXI with the highest recorded concentration for Alnus of 2.3398 X 10~ 
grains I cubic an at 355 ans. Alnus and Ulnrus are recorded as having 
lo.ver average concentrations than the species above. 
;;.6 Vegetation reconstruction 
Zone Bai Gramineae, Cyperaceae, Betula (c. f. nana) , Rumex 
The vegetation was clearly dominated ~ open habitat grass and 
sedge carrnuni ties. Trees arrl shrubs fonn an insignificant proportion 
of the total recorded. The Pinus p::>llen l'X)ted was probably derived 
fran long distance transp::>rt. The Salix identified is likely to have 
been .§.:_ herba.ceae, often used as evidence for cold conditions and is 
frequently fourrl tcrlay arourrl the peripheries of late snONbeds at 
high altitudes ( G jaervoll, 1950) . Rumex may not have been as 
irrportant as the diagrams suggest as its p::>llen is consistently over 
- represented in surface pollen studies (Bi~ks, 1973b) as a result of 
its high p::>llen prcducti vi ty. Additionally it is not easy to draw 
inferences from its presence since the genera possesses a wide 
ecological tolerance. The presence of Polerronium caeruliurn, Which 
has a clearly recognisable grain, is an indication of the presence of 
,,3 
calcium carbonate in the soil. This species is therefore strongly 
calcicolous and is also confined to a Characteristic tall herb 
community described by Holdgate (1955). The combination of 
Papaveraceae and Artemisia suggests that areas of exposed ~era! 
soil sUbject to very little snow-lie may have existed someWhere in 
the catchment, perhaps along the top of the cliff overlooking the 
south side of the lake. A pollen grain of Gypsophila, Which has only 
one pUblisherl record, knONn to the author, in Britain for Beanrig 
r.Dss, Roxburghshire ( Webb and Moore, 1982) there being no rrention of 
this genera in Godwin ( 197 5) , is recorded in this zone. Gypsophila 
grains are very distinctive indeed (Faegri and Iversen, 1975; 
Erdtman, 1969). The ecological preferences of Gypsgphila fastigiata 
/ repens are discussed in detail by (Webb and Moore, 1982). Briefly 
~ fastigiata is a calcicolous 'continental' ~ies (Iversen ,1954; 
Berglund, 1966) which grONS as a member of open base rich shor:t herb 
cannuni ties while Q.:_ repens is a m:::>re southern species found as a 
manber of pioneer ccmruni ties on sandy, rocky soils in m:::>tmtain areas 
throughout Central Europe. 
Zone Ball Grarnineae, Cyperaceae, Rumex, Betula 
The vegetation ccrcmunities of this zone rrust have J.:>e:en largely 
similar to those described for zone Bai, being open - habitat 
daninaterl by herbaceous species. The presence of E:rpetrum, a plant 
Characteristic of acid soils, towards the top of the zone suggests 
the beginnings of leaching of the soils in the catchment though this 
was probably a very local feature. The appearance of Filipendula 
indicates that climatic conditions had improved sufficiently for this 
thenrophilous species (Iversen, 1954). The Rumex recorded may be 
indicative of open disturbed ground. 
Zone Baiii Juniperus, Gramineae, Cyperaceae 
The open - habitat herbaceous species maintain their daninance 
of the vegetation. Juniperus, of which traces were present in the 
previous zone, expands probably as a result of the more prolific 
flowering of plants already present in response to rising 
temperatures (Iversen, 1954; Birks, 1973b) 
Zone BaiV Juniperus, Betula, Filipendula 
Juniperus has increased its representation over the previous 
zone though this does not necessarily indicate that its areal 
coverage had increased since the higher incidence of pollen of this 
species may be attributable to the flowering of plants fonnerly 
stunted by colder conditions. The amounts of Filipendula recorded 
also suggest that average temperatures were rising. 
Zone BaV Betula I RLnnex I Gramineae I carboniferous spores 
This zone represents a phase of retrogressive vegetation 
-developnent. Juniperus ·declines quite dramatically and there are twin 
peaks for Filipendula at the base and at the top of the zone. 
Herbaceous species have increased representation with the records for 
Artemisia and Rumex in particular suggesting an increase in the area 
of disturbed soils. The amounts of secondarily derived 
Carboniferous spores recorded indicate renewed inwash of minerogenic 
material fran the catchroont into the lake basin. Eropetrum is also 
higher which ma.y be an indication of increaserl leaching of any 
remaining stable soils in the catchment. The higher incidence of 
Pinus, which is rrost likely to have been a result of long distance 
transport of pollen to the site, is probably a reflection of the 
lo.ver pollen prcx:luction of local species, though in the absence of 
radiocarbon dates it is not possible to calculate pollen influx. 
Zone Ba VI Juniperus, Filipendula, Betula, Eropetrum 
In this zone the vegetation reflects ircproved conditions over 
the previous zone with Juniperus and Filipendula both attaining 
rnax.ima near the top. The presence of Eropetrum indicates that 
leaching of the soils was a continuing process. On the basis of the 
evidence for warmer conditions it is probable that this zone 
correlates with the Allercxl pericx:l prior to the Younger Dryas. It 
may be speculated that the deposition of clays during the succeeding 
zone Ba VII ) may have rercoved. / rerleposi terl sed.im:mts laid dONn 
during this zone. 
Zone BaVII Grarnineae, Cyperaceae, Artemisia, carboniferous spores 
,,, 
The pollen counts recorded for samples in this zone clearly 
indicate that conditions had deteriorated once more. Pollen of the 
tree species, Betula and Pinus falls quite sharply Whilst the 
increase in Salix, Which rPay be Salix herbaceae, could indicate the 
presence of late snowbed oammunities. 
dominant than in the previous zone. 
Herbaceous species are more 
Of these the chiol10};hilous 
Artemisia is clearly the most irrportant but is present with many 
genera / species of open habitats and disturbed ground e.g. 
Caryophyllaceae, Cruciferae, Rumex, and Thalictrum. Same of the 
grains of Artemisia were thought to resemble closely those of A. 
norvegica (Birks, 1973a) which may point to the presence of Artemisia 
camn..mities dominated by Juncus trifidus, as described by McVean and 
Ratcliffe (1962). 
The clay sediments deposited in this zone suggest that surface 
runoff over the surrounding slopes, which were probably fXX>rl y 
vegetated, was an irrportant process. This is oorne out by the 
proportion of secondarily - derived Carboniferous spores recorded. 
This zone clearly represents the Younger Dryas both stratigraphically 
and biostratigraphically. 
Zone Ba VIII Betula, Salix, Juniperus, Myriophyllum 
The expansion of aquatics at the base of this zone is its most 
characteristic feature. The dramatic increase in the amounts of 
Myriophyllum alterniflorum recorded, in conjunction with the 
precipitation of calcareous marl is taken to indicate the onset of 
warmer conditions at the start of the Postglacial. 
(b7 
Zone Ba IX Betula, Juniperus, Filipendula 
Juniperus expands initially and is then superseded by Betula. 
The rise in Juniperus is probably related to the increased p:::>llen 
production of plants already present in res,IX>nse to wanner conditions 
as mentioned earlier. Of the herbaceous species Filipendula is 
noteworthy as it may have fanned a pa.rt of a developing .hydrosere. 
Pteridophyta clearly fanned a significant part of the v.axlland and 
shrub oommunties present. 
Zone Ba X Corylus, Betula 
After a phase of Betula dominance Corylus takes over as the 
dominant species. Corylus was probably present initially as an 
undershrub in birchwocrls but the sheer arrounts of p:::>llen recorded 
mean that it IIU..lst also have gro.vn as a daninant in na.tural scrub 
unless a feN favoured individuals grEM by the edge of the lake and 
shed whole anthers into the water. 
Zone Ba XI Corylus, Quercus, Betula, UliiU..ls 
Corylus is less irrp::>rtant, numerically, than in the previous 
zone but remains the dominant species. It is nON accrnpanied, 
ho.vever, by significant records for Quercus and UliiU..ls. This is 
consistent with the evidence fran other parts of the Midland Valley 
of Scotland ( Donner, 1962; Newey, 1968; Brooks, 197 6) , as outlined in 
an earlier Chapter, suggesting that Quercus and Ulmus were the 
important COlpCtlents of the mid - Postglacial VJOOdlands. Newey 
(1968) attributes the representation of Quercus and Ulmus in south 
east Scotland to the favourable edaphic and climatic conditions. 
Zone Ba XII 
In this final zone Alnus J?Ollen predaninates. Even allONing for 
its high J?Ollen prcrlucti vi ty it nust have been very carrron in the 
general forest cover in the vicinity of the site. It may be 
speculated that corrlitions had becane wetter so that all flat or 
gently sloping ground in the catChment became increasingly 
waterlogged leading to the creation throughout the mixed oak forest 
of wet open ~ces with Alnus and Salix. The increase in sedge 
J?Ollen may be associated with the increase in the area of wet 
habitats. There is ro evidence for a decline in Ulmus ,IX:>llen Which 
suggests that J?Ollen was not preserved in sed.iments younger than 5000 
BP , the accepted date for the Ulrro..ts decline, perhaps as a result of 
oxidation through pericrlic drying out of surface peat. 
The results of slotting the Broxmouth and Balgone House 
sequences are shONn in fig(7 .13). The slotting of the sequences was 
based upon the follONing species th~t occurred in significant anounts 
in both diagrams: Betula, Pinus, Salix, Juniperus, Flrpetrum, 
Gramineae, Cyperaceae, Artemisia, caryop.hyllaceae, Filipendula, 
(1J (2J 
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Galium, Helianthemum, Rumex, arrl Thalictrum. The value for psi (f) 
obtained 1 . 3878, which is lo.v suggesting a good fit although as was 
stated in an earlier chapter there are no fonnal statistical tests in 
terms of probability that can be applied to test the significance of 
(f) • As may be seen fran fig ( 7.13) the degree of fit between the 
tVX) sequences is quite good with a considerable degree of 
correspondence between the zones del.imi ted in each sequence. In 
particular zones BrVI at Broxmouth and zone BaVII at Balgone House, 
which are considered to represent the Younger Dryas overlap, as do 
zones BriV and BaV Which correlate with a fhase of retrogressive 
vegetation development at both sites during the Lateglacial 
Interstadial 
To st.mmarise, deposition probably carmenced in the lake shortly 
after deglaciation around 13, 000 BP. The Lateglacial Interstadial is 
characterised ~ vegetation communities with diverse shrub and herb 
species "indicative of warmer conditions. Judging~ the range of 
species recorded and the calculated pollen concentrations, plant 
productivity nust have been quite high throughout the pericrl. There 
is, ho.vever, evidence for a phase of retrogressive vegetation 
development in the Interstadial but there is no clear associated 
stratigraphic evidence. The Younger Dryas is clearly represented 
both stratigraphically and biostratigraphically and is succeeded ~ a 
Postglacial sequence of yegetation up to just before the Ulmus 
decline. The Lateglacial sequence at Balgone House is very similar 
to that for Corstoqnine, discussed in the next chapter, Where an 
unusually deep layer of lake marls, a.l.nost two metres, reflects the 
wanner conditions of the Interstadial. The Younger Dryas at Balgone 
111 
House is represented by a ITD..lch shallo.ver horizon (~50 ans ) than at 
Corstorphine. 
1.fChemical investigations of lake sediments 
It was decided to investigate changes in the inorganic chemistry 
of the lake sediments since these are a reflection of changes in the 
catChment area related to differing rates of soil erosion and 
leaching (Mackereth, 1965, 1966~ Pennington et al, 1972~ Pennington 
and Sackin, 1975). 
Mackereth ( 1965, 1966) ccrcpleted ITD..lch of the ba.sic v.ork on lake 
sedim:nt chemistry using sediroents fran the Lake District. Mackereth 
confinned an earlier suggestion by Pearsall et al (1960) that lake 
muds were derived fran soils eroded fran the catChment area. He 
argued that since sodium (Na) and potassium (K) are highly soluble it 
therefore follo.ved that any sodium and potassiun found in the mineral 
fraction of the sediments v.ould have been derived frcrn soil erosion 
as any available soluble sodiun or potassium v.ould have been leached 
fran the soils and been incorporated in the organic and water 
fractions of the sediments. He discovered that the anounts of scxlium 
and fX)tassium when plotted against depth correspond to ~ricxls of 
soil erosion and stablility as had been interpreted fran pollen data. 
There was also a close relationship between the anounts of mineral 
matter present in the sediment and the anounts of sodiun and 
potassium in the mineral matter. The curve for magnesium (Mg) was 
roughly the same as those for sodium and potassium suggesting that it 
11j. 
behaves in a similar fashion. It was found that the curve for carron 
(C) was the inverse of those for sodium, p:::>tassium, arrl magnesium 
which indicated that the arrounts of carbon were relatively constant 
arrl that its prop:::>rtion varied accordi~ to the arrount of mineral 
matter in the sediment. 
calcium (ea), so Mackereth discovered, behaves rather 
differently to the other cations. It is easily leached, being highly 
soluble, out of mineral matter and is only present therefore in 
sediments during pericrls of very high erosion rates When deposition 
of unleached material containing a high prop:::>rtion of calcium occurs. 
At other times calcium is strongly leached fran soils. 
The chemistry of lake sediments therefore gives infonnation on 
changes in the soils in the catchrner.lt. Pennington and Sackin (1975) 
carpared chemical and p:::>llen analytical data fran lake sediments 
using principal components analysis. Stratigraphic plots of the 
principal canponent scores of the chemical data shONed that major 
changes in the sediment chemistry corresp:::>nd with major changes in 
the p:::>llen stratigraphy. It is inferred that the soils of the 
catchm:mt affect ooth the vegetation and the sediments. 
~~Results from chemical investigation: 
Samples were renoved from the core at lOan intervals from the 
core between 588 - 858 ans. The chemical data is presented in fig 





































BALGONE HOUSE - CHEMICAL DATA 
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Table 7.4 Raw chemical data 
Depth Caco
3 
(%) C (%) :K (meq) Na (meq) Mg (meq) ea (meq) 
588 o.o 39.6 0.0889 1.2803 8.0556 10.5 
598 0.0 45.33 0.0495 0.9331 4.932 13.5 
608 70.88 9.16 0.0406 1.4539 9.453 80 
618 0.0 42.66 0.1016 1.1718 7.809 72.5 
628 0.0 36.6 0.0889 1.1718 7.398 12.5 
638 0.0 39.66 0.1167 1.302 9.042 7.25 
648 30.34 18 0.0762 1.6058 9.864 47.5 
658 28.99 9.6 0.0953 1 • 41 05 9.864 47.5 
668 18.39 7. 1 0.0851 0.9331 7. 891 49 
678 O.Q 2.5 0.1053 0.6293 2.712 13.25 
688 0.07 2.5 0.1472 0.6944 2.959 12.5 
698 0.026 2.9 0.1167 0.7812 2.548 7 
708 0.078 2.0 0.0508 o. 2821 1. 068 3 
718 0.0175 2.4 0.0533 0.3689 1. 068 3.75 
728 0.035 3.0 0.0588 0.4557 0.9864 3.75 
738 0.0 2.9 0.1447 0.7812 3.288 9 
748 0.578 3.7 0.09Q1 0.6076 2.055 7 
758 1. 42 0.79 0.0446 0.4123 0.9864 13.5 
768 0.897 1 o. 1 0.0622 0.5642 1. 4796 8.5 
778 2.34 8.6 0.118 0.6293 3.0414 15 
788 0.876 8.4 0.08 0.6293 2.3016 10 
798 13.49 12.6 o. 1067 1.2586 8.1378 57.5 
808 19.45 1).6 0.0826 1 • 1 501 7.398 60 
818 5.518 10.8 0.108 0.8246 4-932 40 
828 22.6 10.2 0.0749 1.2152 7.7268· 65 
838 1.35 9.8 0.0736 0.4557 1. 9728 14 
848 2.67 8.7 0.0558 0.5642 1. 0686 11.75 
858 2.19 1. 16 0.1117 0.3906 1.3152 11.25 
- l1b 
The first sho.vs the percentages of Ca col plotted against depth. 
There are three peaks evident on the graph at 608 ans (70.88%) 1 648 
ans ( 30. 34%) and at 828 ans ( 22. 6%) • The percentage of ea ~ varies 
between zero and 70%. 
Fig (7 .14) sho.vs the percentage of car'bon against depth. Car'bon 
percentages reach a maximum at 598 an ( 45. 33%) • Lo.ver percentages 
occur between 6 78 ans and a minimum at 7 58 ans ( 0. 79%) • There is a 
secondary peak centred on 808 ans ( 13.6%) • 
On fig ( 7. ~5) the data for J;X)tassilml is displayed. The plotted 
curve is very erratic 1 osc.i,llating about the mean of 0. 087 meq. The 
minimum value is at 608 ans ( 0. 0406 meq) and the maximum at 688 ans 
(0.14732 meq). 
The pa.ttern of fig ( 7 .15) for sodium is clearer with two maxima 
at 648 ans (1.6058 meq) and 798 ans (1.2586 meq) and a minimum at 708 
ems (0.2801 meq). 
The graph for rragnesilml exhibits a markedly similar trend to 
that for scdium. The two peaks are at 648 - 658 ans (9.864 meq) arrl 
798 ans ( 8 .13 78 meq) with the lowest value of ( 0. 9864 meq) at 728 
ans. 
Finally on the calcium gra_ph there are three maxima at 608 ans 
( 80%) 1 668 ans ( 49%) arrl 828 ans ( 65%) • The ldNest value for calcium 
is at 708 erns (3%). 
Fl-1 
Examining the graphs in conjunction with the stratigraphy it may 
be seen that the high values for calcium carbonate arrl calcium, as 
might be expected, corresp::>nd with parts of the core where calcareous 
mar 1 was recorded. High percentages of carbon are present where 
there is peat or gyttja and lo.v percentages in the minerogenic clays. 
As previously noted there is no obvious pattern in the potassium 
curve but scx:iium and magnesium are ·present at lo.v values in the 
minerogenic sed.iments and at high values in the organic. 
In table 7.5 below is presented the lower half of a ~tric 
matrix containi~ the Pearson correlation coefficients for the 
chemical variables. Examining the correlation coefficients confirms 
that there are significant high p::>sitive correlations for magnesium 
and scx:iium ( 0 . 97) , calcium and calcium carbonate ( 0. 75) , calcium and 
magnesium (0. 73), calcium and sodium (0.69), sodiun and calcium 
carbonate ( 0. 61 ) and for magnesium and calcium carbonate ( 0. 61 ) . 
There are also moderate positive correlation coefficients significant 
at the 0 .1% level for sodium and carbon ( 0. 56) and for magnesium and 
carbon ( 0. 56) suggesting that there may be a relationship between 
these variables. Potassium records very low correlation coefficients 
with all other chemical variables. 
F18 
Table 7.5 Correlation matrix for chemical variables: 
(l) 1.00 
(2) -o.08 1.00 
(3) -0.28 -0.01 1.00 
(4) 0.61 0.56 0.13 1.00 
(5) 0.61 0.56 0.12 0.97 1.00 
(6) 0.75 0.16 -o.06 0.69 0.73 1.00 
(1) (2) (3) (4) (5) (6) 
(1) = Calcium carbonate 
(2) =Carbon 
(3) =Potassium 
(4) = Scxlium 
(5) = Magnesium 
(6) =Calcium 
On the fig 7.16 plots of the scores on the first three principal 
ccrcponents 1 which account for 94. 3029% of the initial variance 1 have 
been plotted. On the plot of sample scores on the first principal 
CO'lp)nentl which has high positive loadings for ea 0)3 I Nal Mg and ea 
(table 7. 6, fig 7 .17) the distinction between minerogenic and organic 
sarrples may be observerl. The relationship is, though, the inverse of 
what v.ould be expected fran the findings of Ma.ckereth ( 1965, 1966) as 
already outlined. A similar observation was made by a previous 
research ~rker at Edinburgh (Walker, 1974) .·· It is thought by the 
~
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Fig 7.17 PCA loadings on first 3 components for chemical-data. 
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BALGONE HOUSE - PRINCIPAL CDMPONENT I.OADINGS (Chemical data) 
I 
CalciLm carbonate 0.7520 






% of trace 56.0589 
Cumm % of trace 56.0589 











































present author, examining the details of the Chemical preparation 
given by Mackereth (.9£:.. ciU:. ) , that the likely explanation is that 
Mackereth totally decanposE:P the mineral matter in his sanples in 
hydrofluoric acid (HF) overnight thus releasing the sodit.nn and 
potassium content of the mineral mattE:!r in the sediment. The 
standard preparation enployed in this research and outlined in a 
previous chapter, on the other hand, merely leaChes out the scrlium 
and potassium content of the organic fraction of the sediment . 
.; ... 1Conclusion: 
The deposits at Balgone House provide a detailed picture of the 
vegetation Changes from deglaciation around 13,000 BP to 
approximately the mid - Postglacial. The most ~rtant feature of 
the site is the evidence that it provides for a phase of 




The third site to be investigated was at Corstorphine in western 
Edinburgh. The lacustrine depJsits of the fonner Corstorphine Loch, 
the extent of which was satisfactorily mapped by Cadell (1913) before 
the area was built over, map 8.1, lie within a broad glacially-
eroded trough that trends west to east. The loch fonnerly stretched 
fran Haymarket to Brcx::nlhouse where it was separated. fran the Gcgar 
LoCh by a ridge of till. Corstorphine Loch existed until quite 
recently appearing on early maps. The loch was partially drained. and 
reclaimed in 1670 by digging the Stank drainage ditch with the final 
reclanation taking place in 1837 when the Stank was dee.J?e!led. and 
enlarged. to prevent flooding. The Gogar Loch was drained in 1766. 
8. 2 Previous work on the sed.iments of the fonner Corstorphine Loch 
Several workers have studied the stratigraphy and the preserved 
plant and animal renains in the de!X)Si ts of the fonner Corstorphine 
Loch. The earliest work was that of Bennie (1891, 1894) who 
described the sequence of sands/silts, clays and organic layers with 
abundant shell and arctic plant fragments and seeds, that lay \.IIX)n a 
bed of fine red laminated clay which in turn rested UJ?Oll sand and 
boulder clay. A series of sections was later described in ITOre 





























































































































plant remains and of the finding of an antler of Cervus giganteus. 
Reid ( 1899) identified plant fragments obtained fran the 1 Arctic 
Plant Beds 1 described by Bennie and affinned that they were of 
Lateglacial age. Coope ( 1968) examined the Coleoptera collected by 
Bennie and, after pointing out that they consist only of large 
conspicuous animals picked out by eye, suggests that they are 
indicative of a marshy environment under s~arctic conditions. 
This previous 'WOrk has shONn that the lacustrine deposits 
consist of t¥.0 organic horizons: the lONer being mar ls, clays and 
silts of Lateglacial age and the upper thin Iruds and silty layers+- peo...ts 
dating fran the Postglacial phase of the loch. Sand.viched between 
the tv.o organic layers are beds of sand and gravel that Sissons 
(1967) suggested represent floodwater deposits of the Water of Leith 
WhiCh entered the loCh at its eastern end, since gravels predaninate 
in the east and farther westwards the rninerogenic layer thins out and 
red-yellON sands that are .current-bedded in places and waterlaid 
becane rrore important. 
Newey (1965) made detailed stratigraphic and pollen analytical 
investigations at sites in the Corstorphine area. Sanples fran peo..ts, 
organic ITU.lds and silts resting upon the sand and gravel h:::>rizon at 
Gogar (Nrl81725) and Carrick. Vale golf course (Nr214727) were 
analysed and found to be of Postglacial age. 
At Gogar t'WO distinct phases of deposition are· indicated. Peat 
and lake rruds were laid doNn during the early Postglacial, then 
·deposition ceased until· the late ·Postglacial-When the site was once 
18b 
again covered by water and a younger deposit was fonned. The peat 
Jr'te 
from the Carrick Vale~ dates from a late phase of deposition and 
exhibits similar !X)llen assemblages to the younger part of that from 
Gogar. It appears that at this time the lake was bordered by birch 
and alder woodlands and was fringed with sedge and reeds. 
At Meado.vhouse Road, a section was exposed in a terrporary 
excavation (NT201727); this site lies near to the centre of the old 
lake as mapped by Cadell (1913), and the tripartite stratigraphic 
division of the deposits there resembles that from other British 
Lateglacial sites. The lo.vest deposit is a red clay, above Which 
there are calcareous rruds with abundant plant fragments and at the 
top, silts and clays. In the top layers of silts and clays the 
pollen and spores are mainly of species characteristic of sub -
arctic or open conditions, such as Artemisia, Chenopodiaceae, 
Campositae, Thalictrum and Selaginella selaginoides, characteristic 
of open soil conditions with few or· no trees. BelON this in the 
calcareous marls tree pollen, although still scarce, rises from 10 -
ll % to approximately 30% suggesting wanner conditions. Betula !X)llen 
attains its highest values Whilst Grarnineae and Cyperaceae decline. 
In the lowest deposits there is little but Cyperaceae pollen 
suggesting a different climatic regime with colder conditions and a 
very sparse vegetation. 
8. 3 The work by Newey at Corstorphine 
The· only published ·Lateglacial !X)llen aiagram for the ·Lothians 
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is that of Newey (1970). He reports the results of an investigation 
of the stratigraphy, pollen and other organic material of samples 
taken using a Hiller borer from deposits at a site near the Stank 
drainage ditch at the edge of the Carrick Vale golf course 
(NT210727). As reviewed in an earlier chapter, the deposits 
demonstrate the herbaceous dominance of the vegetation during the 
Lateglacial, although higher tree pollen percentages along with other 
organic and stratigraphic evidence do suggest warmer conditions in 
the middle of the period. Dr. Newey has provided the writer with his 
pollen counts fran this investigation and these were coded up and 
processed by the POLLDATA, ZONATION, PCA and MDS(X) programs so that 
they might be nore easily carpared in this standard form with the 
results from the writer's other two sites: Broxmouth and Balgone 
House. 
The stratigraphy of the site as outlined by Newey (1970) is 
given belo.v: 
Centimetres from surface 
0 - 45 Disturbed peaty clay 
45 - 85 Clay with bands of sandy and coarse gravelly material 
85 - 130 BrONn - grey silty clay and sandy clay with finely -
carminuted shells 
18B 
130 - 295 Brown - grey clay with thin layers of silt or sand 
295 - 325 Grey clay with shell fragments 
325 - 342 Dark - grey marl (black between 334 and 338 an) with 
shell and plant fragments 
342 - 450 Dark - grey clay marl with shells and plant fragments 
450 - 490 Grey clay marls and silty clays with fine shell fragments 
490 - 560 Grey marl with shells and plant fragments 
560 - 575 Grey - blaCk clay - marl with shells and plant fragments 
575 - 595 Pink - grey clay 
595 - 610 Pink clay 
610 - 620 Very stiff pirik clay with Shell fragments 
The .{X)llen counts have been expressed as percentages 
total sum excluding pJllen of aquatic species and spJres. 
diagram (Fig 8.1) the features described by Newey (S£ cit) 




· ·In the ·basal tv.o sanples ,. frcm ·the pink and the grey - black clay 
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marl respectively, Cyperaceae and Gramineae pollen account for almost 
70% of the total. Making up the remairrler of the herbaceous IXJllen 
are !CM percentages of Artemisia, Caryophyllaceae, Canpositae, 
Filipendula, Succisa pratensis, Umbelliferae ~d Urtica. There is 
also a trace of M¥rioPhyllum alterniflorum with spores of Selaginella 
selaginoides. Secondarily derived Carboniferous - type SIXJres 
attain alrcost 600% of the pollen sun at this level. The percentages 
of tree pollen are very 1~, at around 8% of the total, rrost o~ which 
is Pinus, that has probably been transported over long distances. 
The high level of secorrlarily - derived Carboniferous - type siXJres 
and the lCM pollen content noted suggest that these deposits have 
been for.med as a result of solifluction and overland wash and reflect 
a severe climate·. 
Moving up into the calcareous ma.rls, fran about 550 an, tree 
pollen frequencies represented by Betula, sane of which is· identified 
as being. Betula ~' rise quite sharply. There is a second peak in 
Betula between 330 and 360 ans that is not, hCMever, acccxrpanied by a 
corresponding rise in Salix, as it is further down. The shrUbs 
Juniperus and Empetnnn both first appear at around 530 an and 
Empetnnn in particular shCMs increasing percentages up to about 320 
an, probabaly in response to the podsolisation of the soils and the 
developnent of heath. The predaninant pollen is that of herbaceous 
species especially Gramineae and Cyperaceae along with IXJllen of open 
- habitat species such as Artemisia, Galium, Rumex, Thalictrun and 
that of the therm:philous Filipendula and Heliantherrum. The aquatics 
MYriophyllum alterniflorum and Potomageton are also present. The 
secondarily derived Carboniferous - type··sp::>res have declined to 
comparatively low levels suggesting more stable soils that may have 
been base rich as is evidenced by the low counts of Helianthmum 
(Proctor and Lambert, 1961) • 
. Between the t\\0 maxima in the tree pollen the herbaceous species 
reach their highest values in the calcareous marls, at over 85% of 
the total pollen sum. This relates to a slight stratigraphic change 
with a higher proportion of silt in the sarcples and also of 
secondarily - derived Carboniferous - type ~res suggesting renewed 
inwash into the lake. Artemisia rises to al.Irost 15% of the total and 
other open - habitat light - demanding species such as Galium and 
Rumex are also recorded as having higher _percentage frequencies. The 
presence of Filipendula and higher levels of Cyperaceae ma}· suggest 
an increased area of marshy habitats. The counts of Pinus and 
§Phedra both rise and may be a result of a greater influx of long 
distance transported pollen at a time of lower prcduction of pollen 
locally. . As Newey (.2E..:_ cit.) points out there is, however, no 
consistent evidence for a climatic Change. 
At the boundary with the sil ty and sandy clays, at about 320 
ans, there is a sharp decrease in the percentage of Betula, Salix 
increases fran about 4% to around 8% of the total presumably as the 
increases in the. areas of late snONbed ccmnuni ties, (of 'Which Salix 
herba.cea is an important canponent) , and of disturbed ground. The 
daninance of non - tree pollen is reasserted. Gramineae and 
Cyperaceae were the most important constituents of the vegetation, 
'Which also included representatives of Ccrcposi tae arrl Urnbelliferae 
together · with Rumex, Urtiea arid EnJ?etrum. These along with ~ ria.ria 
emphasise the open character of the vegetation. The seco~ily -
derived Carboniferous type SfX>res again reach their fonner high 
percentages and with the sharp decline in Empetrum frequencies 
reveals renewed soil rrovement and the disappearance of the heath 
camu.mities. 
8.4 Objective zonation of Newey' s Corstorphine data 
Newey (9£ cit) distinguishes two zone ooundaries on his diagram; 
one at 350 erns and the other at 550 ems. The three zones, as 
delimited, are then equated with Godwin • s ( 1956) zones I, II and III. 
Newey' s data has been objectively zoned using the pro:Jrams in 
ZCNATION, PCA and MDS(X) previously described. The follo.ving 
eighteen !,X)llen and SJ?Ore types, which all reached values of over 5% 
in at least one level in the diagram, were used: Betula, Salix, 
Juniperus, Empetrum, Gramineae, Cyperaceae, Artemisia, 
Garyophyllaceae, Campositae, Filipendula, Galium, HeliantheiiU.lm, 
Rumex, Thalictrum, Urtica, t-1yriophyllum, Selaginella and secondarily 
- derived Carboniferous - type SJ?Ores. The Carboniferous type 
spores were included because, although they are not contenporaneous 
with the rest of the pollen and SJ?Ores, they represent an inportant 
indicator of sedimentary conditions as well as forming a substantial 
proJ?Ortian of the identified SJ?Ores at any level. The results are 
8.1l 
presented on Figs 8.2, 8.3,8.4land the principal canponent loadings 




































































































































































































































































































Fig 8.12 Loadings on first 3 components for Corstorphine (WWN). 

























Percent of total 
variance 
CUmulative 
I II Ill IV V 
0.8896 0.0485 -0.0646 0.1729 0.0308 
0.2889 -0.6934 -Q.0037 -0.0188 0.0009 
0.6108 0.4642 0.2424 -0.0258 0.2480 
0.7910 0.3693 0.3034 0.1602 -0.1615 
0.8796 0.0358 0.1140 -0.1969 0.0646 
0.2040 -0.3831 0.7017 -0.1387 0.3310 
0.3237 -0.3488 -0.2716 0.1301 0.1430 
0.0291 -0.1912 0.4742 -0.5421 -0.2907 
0.2089 -0.5804 0.1993 0.0161 -0.4211 
0.6880 0.2708 0.2592 0.3458 -0.0351 
0.5066 -0.4355 -0.3910 -0.2373 0.1446 
0.2901 0.1332 0.1598 0.4448 -0.6290 
0.5848 -0.2841 -0.4668 -0.0901 -0.0296 
0.6015 0.0569 0.0191 -0.5364 -0.0726 
-0.0186 -0.4949 0.1456 0.5437 0.4331 
0.5111 -0.3904 -0.2277 0.1742 0.0405 
-0.1898 -0.1865 0.7072 0.0370 0.2892 
-0.2556 -0.5845 0.2142 0.1205 -0.4342 
4.7191 2.6149 2.0795 1.4372 1.3699 
26.2182 14.5279 11.5532 7.9846 7.6108 
Percent of total 26.2182 40.7461 52.2993 60.2839 67.8947 
variance 
Total variance (trace) = 18.0 
Table 8.1 PCA results for Corstorphine (WWN) 
Cors~orphine MOS(X) fWWNl 
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Pig ~.4 MDS(X) results (WWN) 
L 
I 1' 
SPLITINF and SPLITSQ divide the diagram into two parts at 320 
and 310 ans respectively., while CONSLINK distinguishes two major 
groups of samples; those above 320 ans and those bel ON. The 
discrepancy between the results fran the SPLITINF and SPLITSQ 
programs is probably a function of the differing ~gorithms, 
previously described (p -''), employed by each rrethcx:l in splitting up 
the data to create zones. This corresponds to the Lateglacial 
Stadia! boundary / Lateglacial Interstadial boundary. PCA and MDS(X) 
also identify this major bourrlary by sharp changes in the trend of 
the curves on the stratigraphic plots. The principal carponent plots 
shON the nature of the transition between zones. The transition 
between the Lateglacial Stadia! sediments and the Lateglacial 
Interstadial sed.iroents at Corstorphine is thus very sharp. The 
delimitation of the zone in the mid - Lateglacial Interstadial 
sediments is also equally clear. In particular this is evident on 
the plot of the scores on the first principal ccnponent, which 
accounts- for 26.22% of the total variance, and has high positive 
correlations with Betula, Juniperus, F.J:tpetrum and Filipendula 
reflecting the distinction between the richer tree, shrub and 
herbaceous cover of the Lateglacial Interstadial and the more open 
species - fX)Or conditions in the Stadia!. CONSLINK identifies a 
series of levels between 510 ans and 440 ans as fanning a clear 
group. The second major split by SPLITINF occurs at 440 ans and by 
SPLITSQ at 510 ans. PCA and MDS(X) also separate out these levels. 
They have already been pointed out as caning between the two Betula 
maxima in the Lateglacial Int~rstadial and are quite different 
stratigraphically and b~<?~.U:atigraphically. The objective zqnation . 
techniques therefore confinm that these levels are quite distinct. 
The samples that Newey (.9£ cit) analysed were, as has already 
been stated, collected using a Hiller borer. 
the Hiller has disadvantages. It 
It is well - knONn that 
is difficult to Obtain 
uncontaminated samples using this type of coring instrument since the 
chamber is n:>t sealed.. It is thus p:::>ssible for younger material to 
leak into it contaminating older dep:::>si ts. Sedi.rrent and plant fibres 
catching on the fin as it travels do.vnwards can also becane 
incorporated. The Hiller has added drawbacks in the problems of 
keeping the chamber clean; churning of the sediment sampled, Which 
masks minor stratigraphic changes; and of having to rerrove samples 
for analysis in the field. The end result is that the final p:::>llen 
diagram may be distorted by the 1 smearing - out 1 of the peaks of the 
:rrore aburrlant p:::>llen types. 
8.5 Corstorphine site re-investigation and stratigraphy 
It was decided, therefore, to re - sample the site using the 
improved corer - the DachnONski - that was used to core the other ~ 
sites, so that it could be studied in :rrore detail. Employing the 
Dachnowski corer to sample the site and transporting the cores taken 
back to the la}:x)ratory for examination allONed for a rrore detailed 
and accurate description of the deposits compared with the ~iate 
-in the field- description made by Newey (1970). Following Dr. 
Newey 1 s guidance, a core was taken fran a J;Oint, as close as J;Ossible 
to the original sampling site. In the intervening years the Stank 
drainage ditch, fran the banks of Which the original core samples 
were taken, had been Trifilled ·and cuiveri.Erl. It was relatively 
straightforward to trace the line of the original ditch. An augur 
was used to penetrate. the two rretres or so of shale that had been 
used to fill it and also the coarse sands and gravels, already 
referred to, that lie above the Lateglacial sedirnents. A Hiller 
borer was then used to verify the stratigraphy before the actual 
coring began. This revealerl that the Lateglacial sediments had not 
been disturbed by the engineering work. 
The stratigraphy recorderl for the site sarrpled at Corstorphine 
is as given below: 
Qns depth fran surface 
0 - 205 Disturbed material and fill consisting of broken shale and 
coarse sands and gravels 
205 - 257 BrONn - grey clay with sand and organic laminations at 
228 / 229 ems. Increasing sand content fran 233 erns. 
257 - 298 Reddish - brown clay with silty bands 
298 - 380 Brown - grey tenacious clay 
380 - 384 Coarse sand and thiCk grey clay with Shell fragments 
384 - 473 YeiiON calcareOUs mari with .faint lalninati6ns .between 
473 - 478 Yellowish I green calcareous marl with abundant Characeae 
478 - 523 Olive - green clayey marl (blaCk When fresh) 
523 - 533 Yellowish - green calcareous marl cf. 473 - 478 
533 - 568 Yellow calcareous marl and broken shells 
568 - 614 Greenish - grey clayey marl - increasing proportion of 
clay with depth. Shells and plant fragments present. 
614 - 673 Olive - green clay with faint yellow laminations 
. 673 - 673.5 Fine sand 
673.5 - 690 Red -brown clay - faintly laminated 
Comparing this stratigraphy record to that already given for 
Ne.vey • s site above it may be seen that they are quite different in 
detail though a similar series of deposits is noted in each. Of rrost 
interest is the stratigraphy between 4 78 - 523 ans Where an olive -
green rnarl is recorded as being sandwiched between two light 
yellowish - green coloured calcareous marls. There is no doubt that 
this is a genuine stratigraphic change since this sequence was taken 
in the one cx:>re . ~:i.e.. . .a.t:lcl was not therefore a feature of 
"00 
stratigraphic changes over the short distance (1 - 2 metres) between 
the two boreholes used for taking the alternate core samples. 
8.6 Objective zonation of diagrams 
As far as was possible a pollen sum, that included land - based 
taxa, of 300 grains was counterl at the 50 levels sampled. Pollen 
tablets ( Stockmarr, 197 2) were added to each sample so that the 
concentrations of pollen could be calculated. Both percentage pollen 
and pollen concentration diagrams have been drawn up for the site 
( figs 8 • 5 , 8 • 6 ) • 
The percentage diagram has been calculated on the basis of total 
land pollen excluding aquatics and spores. Secondarily - derived 
carboniferous - type spores which appeared as yello.v - green and were 
trilete, "Were recorderl separately as an indicator of erosion in the 
catchment and fig 8. 7 graphs their relative abundance as a percentage 
of the pollen sum. The percentage data has been objectively zoned, 
using ZONATION, PCA and MDS(X), and the results are presented an figs 
g. I~ 
(8.8, 8.9, 8.l~and in table 8.2. The follONing pollen types were 
used in the zonation, all of which accounted for at least 5% of the 
total pollen sun at one level or mre: Betula, Salix, Juniperus, 
Empetrun, Grarnineae, Cyperaceae, Artemisia, caryophyllaceae, 
Ccrrpositae, Filipendula, Galium, Helianthemum, Rumex, Thalictrum, 
Umbelliferae, Myriophyllum, Selaginella, secondarily - derived 
a:NSLINK, SPLITINF and SPLITSQ, consistently 









































































































































































- - - i i t u 








































































































































































































































































Fig 8.1) Loadings on first 3 components for Corstorphine (AJA) 
COrstoq::hine Principal Carponent Loadings (AJA) 
Cotponent 
I II Ill IV V 
Taxcn 
Betula 0.5325 0.6673 -o.2497 -o.0341 -o.ll82 
Salix 0.0412 0. 7046 -o. 4662 0.0258 0.0341 
Junie:rus 0.7176 -o.3327 -o.2995 0.0994 -o.0650 
Enl:>etrun 0.8485 -o.3173 -o.0852 0.1306 0.1189 
Gramineae 0.9069 0.1606 0.1801 0.0974 0.0234 
Cyperaceae 0.2980 0.4980 0.2625 0.5441 0.1252 
Artemisia 0.1720 0.6951 0.0273 0.0672 -o.2264 




















-o.2848 -o.0844 0.0218 0.3485 -o.2511 
0.4583 -0.3799 -0.6018 0.1822 -o.2797 
0.3986 0.5379 0.3690 0.0077 0.0116 
0.6527 -o.2561 0.0233 0.0091 0.2999 
0.1595 0.6885 -o.2150 0.1769 0.1263 
0.4033 0.0740 0.6174 0.1231 -o.3206 
0.4752 -o.3273 -o.2041 0.3854 -o.l647 
0.4011 -o.l697 0.0672 0.0309 0.7309 
-o.6588 -o.3051 0.1003 0.5086 -o.0013 
-o.6293 0.4741 -o.3193·-Q.0171 0.2315 
5.0766 3.3499 1.5669 1.3564 1.1070 
28.2044 18.6112 8.7054 7.5360 6.1501 
28.2044 46.8156 55.5210 63.0570 69.2072 
Total variance (trace) = 18.0 
Table 8.2 PCA results for Corstorphine (AJA) 
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Fig 8.10 MDS(X) results (AJA) 
L 
The stratigraphic plots of the scores on the first three principal 
ccrrponents and the MIS (X) curves conformed closely with this. 
Further dONn ooth SPLITINF and SPLITSQ mark the next m::>st important 
split as being at 485 erns, just above a cluster of levels that 
CONSLINK separates out as forming a group. This groqp of levels is 
also distinguished on the PCA and MDS(X) plots. The SPLITINF and 
SPLITSQ pr(X3rams are not consistent, ho.vever, in identifying a split 
immediately beneath these levels. The third most significant split 
that exists in the diagram is at 595 ans. 
The first three principal components account for 55.521%, or 
over half of the total variance. Betula, Juniperus, Enpetrum, 
Gramineae, and Helianthemum all have high };X)sitive correlations with 
the first principal component Where Caryophyllaceae, Selaginella and 
secondarily derived carboniferous - type s};X)res have significant 
negative correlations. This component represents 28.2044% of the 
total variance and reflects the distinction between levels with 
species fran shrub, heath and herbaceous carnumities and those fran 
open habitat vegetaticn on disturbed ground with indicators of soil 
instability. The second principal ccmponent accounts for 18. 6112% of 
the variance and has high };X)sitive correlations with Betula, Salix, 
Artemisia, Galium and Rumex and indicates the relative importance of 
open - habitat herbaceous camumities. 
The third component, accounting for only 8.7054% of the total 
variance has a high };X)sitive correlation with Thalictrum and a high 
negative correlation with Filipendula and is less easy to interpret. 
8.7 Description of local pollen assemblage zones 
It was deciderl that the five zones pickerl out by the objective 
zonation teChniques were the opt~ number to retain to facilitate 
discussion of the main features of the diagrams (fig 8.5 )·. The 
zones have been named CDR I to V and the p::>llen assemblages are 
describerl belON: 
COR I Betula, Salix, Grarnineae and Cyperaceae, Rumex 595 - 665 ems 
Secondarily - derived Carboniferous - type spores account for up 
to 250% of the total pollen identified in this zone. Betula rises 
quite sharply fran the base of the zone to 30% at 600 ans then falls 
away to around 8% and increases again up to approximately 35%. Pinus 
peaks at over 8% when Betula is at a minimum. Salix reaches alrrost 
15% at 625 ans and then declines. The shrubs Empetrum and Hippophae 
are both present. Poll~ of herbaceous species make up between 50 
and 90% of the total; Grarnineae and Cyperaceae being the daninant 
herbs along with Rumex. There are lON, but significant, percentages 
of Artemisia, Ccx"rpositae, Epilobium and Filipendula. Aquatics are 
p:x>rly represented with only traces of Nymphaea, Sparganium arrl Typha 
being recorded. M:xlest percentages of Filicales and Polypcxlium 
vulgare make up the spore CO"rq?Onent. 
COR II Betula, Juniperus, Empetrum, Grarnineae, Cyperaceae 515 595 
···ans---
Betula accounts for over 10% of the total at all levels in this 
zone peaking at alrrost 30% at 540 ans. Very lON percentages of Pinus 
are present. Salix fluctuates between just under 1% and over 5%. 
Juniperus and Errpetrum ooth expand to over 5% at the base of the 
zone, fall back toNards the middle and then recover slightly near the 
top. Grarnineae and Cyperaceae again account for a large proportion 
of the herbaceous pollen. Gramineae increases very rapidly at the 
base of the zone to 50% of the total but fluctuates between 30% and 
40% in much of the rest of the zone. Cyperaceae remains fairly 
constant at around 15 - 25%. After Gramineae and Cyperaceae, Galium 
and Rtmlex are the rrost abundant herbs. Rtmlex represents between 4 and 
8% and Galium arrounts to over 2% fran around 560 and 525 ans. 
Filipendula and Thalictrum ooth appear as small peaks of about 2 - 3% 
at the base of the zone. Other herbaceous species present include 
Artemisia, caryophyllaceae, Carp:>sitae, Epilobiun, Helianthercrum and 
Plantago. A variety of aquatic or marsh genera are recorded: 
Menya.nthes, Myriophyllum, Nyrnphaea, Potanageton and Sparganium. lf::M 
percentages of Filicales, Polyp:rlium vulgare and Selaginella are also 
present. Secondarily - derived Carooniferous - type spores peak at 
15% at 570 ans. 
ZOne COR III Betula, Gramineae, Cyperaceae, Rumex 487 - 515 ans 
The representation of trees and shrubs in this zone is sharply 
reduced carpared to CDR II. Betula for much of the zone occurs with 
values of less than 15% and only reaches almost 20% near the top. 
-Pinus and Salix are present· but ·only as 2% or-less of -the total -SUin. 
~trum and Juniperus are both reduced. The percentages of 
Gramineae decrease fran over 40% to about 12% in the middle of the 
zone at arout 500 ans and then increase to 46% at the top at 490 ans. 
eyperaceae fluctuates between 15 and 25% with a maximun of over 30% 
at 505 ems. Rumex peaks at approximately 27% at 500 erns and Galium is 
barely present. Cruciferae pollen first appears in this zone but in 
lo.v arrounts ccnpared to zone COR V. Secondarily - derived 
Carboniferous - type spores reach a maximum of 135% at 500 erns. 
Zone COR IV Betula, Juniperus, Fropetrum, Fili;pendula 385 - 487 erns 
Betula recoyers to a maxinu.nn of 28% and thereafter percentages 
vary between 7 and 15%. Lc:M values of Pinus are present along with 
Salix. Juniperus and Fropetrum each reach their max.i.nrum in this zone; 
Juniperus peaking at just over 12% and Fropetrum at approximately 9% 
thus contributing to the increased proportion of shrubs that may be 
seen in the carp:>und sunrnary. Gramineae reaches over 60% of the 
total. Filipendula is present as a clearly - marked peak of 15% 
to.vards the top of the zone. Artemisia, Galit.ml, Heliantherrurn, Rumex 
and Thalictrum maintain a presence though none of these types exeeds 
5%. Of the aquatics, Potamageton reaches a maximum of 100% at 433 
ans. Secondarily - derived carboniferous - type spores are present 
at lower percentages, than hitherto, of 4 - 15 % only rising to over 
60% at the boundary with zone COR V-. 
. Zone __ COR.V_ Cyperaceae, __ Grarnineae, Selaginella..selaginoides 205 - 385. 
ans 
Tree and shrub species are much diminished in this zone with 
only very lON percentages being recorded. Gramineae percentages 
decline to around 15%, but Cyperaceae has a greatly increased 
presence at 40 - 60% of the total. caryophyllaceae, Cruciferae, 
carpositae, Rumex and Thalictrum are the cnly other significant 
herbs. Percentages of Selaginella selaginoides rise abruptly at the 
bottan of the zone to over 45% arrl remain between 10 and 25% before 
decreasing to less than 5% near the top. Secondarily - derived 
Carboniferous - type sp:::>res once again fo:rm a large part of the total 
sum averaging 400% and attaining a maxinn..un of just over 630%. 
G' .B Concentration diagram 
Turning to the concentration diagram (fig 8. 6) , an Which the 
zone boundaries of COR I t9 mR V have been marked, the first p:::>int 
to note is the pattern of the concentrations of grains in the fOllen 
sum at the right - hand side of the diagram. These vary between a 
minimum at 6. 7568 x 102-grains ,J?er. cubic an at 655 ans and a maxim.:nn 
of 6. 8409 x 10• grains per cubic an at 418 ans depth. Zones mR II 
and (X)R IV clearly have higher average fOllen concentrations than 
zones COR I, III arrl V (table 8. 3). The concentration diagram 
confinns features already d:>served above on the percentage diagram. 
There are t-wo peaks in Betula, Gramineae and Cyperaceae 
concentrations in zones (X)R II and (X)R IV with lONer average values 
in the intervening zone COR III. Juniperus arrl·Enpetrum have higher 
concentrations in zone COR IV than in any other zone; the highest 
concentration for Juniperus being 7 • 9918 x 1cf and for Errp:trum 5. 3278 
x 10
3 
Filipendula reaches a max.i.rtu.Im of 9. 8361 x 10s grains per cubic an 
at 400 ons in zone COR IV and Rumex peaks at 3. 9402 x 103 grains per 
cubic an in zone COR Ill. There is a marked peak in aquatic pollen 
at 433 ons of 5 .1389 x 1cf per cubic an. Spores are less inportant in 
concentraticn in zone CX>R V than would be suggested by examining the 
percentage diagram. This is an illustration of the advantage 
concentration data have over percentage counts in that the pollen 
counts are independent of the interrelations of taxa within the 
pollen sum and give the true fluctuations of eadh taxon. 
Table 8.3 







Range (grains per cubic an) Mean (grains per cubic an) 
6.7568 X 101 -~ 2.2619 X 10~ 
9.7074 X 103 -> 4.1712 X 10
4 
J 4-
5.2481 X 10 -> 4.1304 X 10 
1.51 
• . Jl. 
X 10 -> 6.8409 X 10 
.3 /1. 





1.877 X 10 
4 
1.5411 X 10 
·JI. 
5.027 X 10 
-The results of slotting ·the two Coi:"storphine sequences ·are shOiin - ---- ------ -- .. 
in fig (8.11). The slotting of the sequences was based en the 
following species that occurred in significant amounts in both 
diagrams: Betula, Pinus, Salix, Juniperus, Errpetrun, Grarnineae, 
eyperaceae, Artanisia, Caryophyllaceae, Filipendula, Galium, 
Helianthemum, Rl.:nnex and Thalictrum. The value of psi ( ~) obtained 
was 1.0375, which is quite low suggesting a good fit although, as was 
stated in an earlier Chapter, there are no formal statistical tests 
in terms of probabalities that can be applied to test the 
significance of ( ~) . As may be seen fran fig 8 .11, the degree of fit 
between the t~ sequences is quite good with a considerable degree of 
correspondence between the zones delimited in each sequence. 
8. 9 Vegetation Reconstruction: 
In the following paragraphs an attenpt is made to reconstruct 
the vegetation ccmnunities of the zones described above and to make 
inferences about the prevailing environmental conditions. 
Zone OOR I 
The high levels of secondarily - derived Carboniferous - type 
spores recorded in this zone suggest that there may have been a 
significant irMash of material fran the catchment area into the lake 
at this time as a result of extensive soil movement or solifluction. 
The erratic nature of changes in the incidence of the Carboniferous 
spores, hcMever, also raises the possibility of slunping of the 








Pig 8.11 Results for SLOTSEQ for two Corstorphine sequences. 
marginal sediments of the lake thus re-depositing spores previously 
incorporated in the till that lines the floor of the basin. The 
amounts of Betula and Pinus pollen present are unlikely to have 
originated solely from the production of trees growing locally. The 
presence of Betula nana - type ,IX>llen in this zone was noted and 
Pinus is well - known as a prolific producer of winged ,IX>llen that 
may be transported long distances by wind. The Salix ,IX>llen could 
well have cane fran Salix herbacea~, macrofragments of which were 
identified by Reid { 1899) , grCMing as part of late snONbed 
carnmunities on Corstorphine Hill or perhaps on freshly - disturbed 
soils. Salix herbaceaJl is fourrl on soliflucted soils in southern 
Norway {Dahl, 1956) and in Scotland {McVean and Ratcliffe, 1962). 
The presence of.Hippophae rhamnoides ~letes the picture of a ShrUb 
vegetation that may have been dense locally on sites of periglacial 
activity. Empetrum was another rrenber of this shrub carnmunity. The 
presence of Empetrum at this stage is interesting since this species 
usually occupies pcrlsolized, mature base - J?(:X:)r soils where there is 
little ccrrpetition fran trees. Here, hcMever, the assunption is that 
the soils were highly disturbed, colluvial, inmature and therefore 
likely to be richer in bases as leaching would not yet have taken 
effect, and hence they were ·less likely to support Empetrum. 
HCMever, according to Ginmingham ( 1972) Empetrum successfully 
colonises open, especially noist, mineral soils, and as Persson 
( 1964) points out Empetrum and other heath plants invade pioneer 
carnmuni ties an substrates ex:,IX>sed by glaciers after 12 years. Also 
it may be that conditions on the north and west facing slopes of 
Corstorphine Hill with lONer insolaticn were wetter, leading to· 
leaChing· and consequently ·to--the developnent ·of nore -acid, humus 
rich soils nore favourable to the establishment of Errpetrum. 
The daninance of Gramineae and Cyperaceae along with light -
demanding ruderal and weed species such as Artemisia, Epilobiun, and 
Rumex indicates that open herbaceous oammunities were quite 
extensive. The Cyperaceae compon~t suggests that soils or sites 
with poor drainage or open water existed. In addition sane of the 
Gramineae grains are likely to be Phragmites, a plant that is 
tolerant of arctic I sub - arctic conditions. It is assuned that the 
climate was not favourable for flOW'ering I seed production of the 
herbaceous dicotyledons but had less effect on the anenophilous 
rocnocotyledons, especial! y Cyperaceae arrl Gramineae, species. The lOW' 
levels of IX>llen of aquatic species such as Nymphaea, ~ganium, 
Typha suggest that there was little in the way of littoral or 
hydroseral vegetation at this stage. 
Zone COR II 
The very lOW' percentages of Pinus are indicative of the nuch -
decreased long - distance transported pollen to the site. The 
decline in the percentages of Pinus is probably a direct result of a 
feature of percentage diagrams already referred to i.e. that a change 
in one component is reflected by CCllperlsatory changes in all other 
carponents. An examination of the concentrations of Pinus reveals 
that they are ccnsistently lcw arrl shOW' little change. The levels of 
secondarily - derived Carboniferous - type spores are also nuch lOW'er 
suggesting nore stable conditions in the- catchment area. Most 
authors regard tree birch pollen at 20% of the total pollen sum as 
the lo.vest arrount indicative of open birchYJOCds and this is supported 
by the surface pollen studies of Birks (1973b). Juniperus, a 
heliophyte, expands at the·base of the zone presumably in respanse to 
rising terrperatures for, as Iversen (1954) explains, a _peak in 
Juniperus pollen may be the result of a rapid response to 
arooliorating climate by Juniperus that was already present but 
stunted and spa.rsely flo.vering. Birks (1973b) records that high 
level 'prostrate' Juniperus may contribute as little as 5% to the 
total pollen rain, even though the 'cover - abundance' is 50% so that 
few inferences can be made about the quantities of Juniperus 
vegetation at this time. The Juniperus rise correlates with a rise 
in pollen concentrations, probably as a result of a canbirvJ.ticn of 
reduced sediment accumulation rates and increased pollen 
prcrluctivity. Gramineae and Cyperaceae daninated herbaceous 
carmunities remain inportant with quite a variety of accarpanying 
forbs such as Epilobium, Filipendula, Helianthemum, Galium, Plantago 
and 'Ihalictrum with members of the Caryophyllaceae and Carposi tae 
families. The pollen assemblages of this zone are indicative of a 
rruch rrore continuous shrub and herbaceous cover supported by soils 
that were, in general, rrore mature and stable than was the case in 
the previous zone. Additionally, competition between plant species 
was clearly increasinJ as the plant cover became rrore carplete. The 
range of aquatic species recorded presumably means that the 
terrperature of the water had risen sufficiently and it also 
correlates with the deposition of calcareous rruds as opposed to silty 
clays. 
Zone COR Ill 
Several factors suggest that this zone represents a phase of 
retrogressive vegetation development with perhaps renewed soil 
disturbance. These include: 
The rruch - reduced presence of trees and shrubs and the increase 
in the anounts of p::>llen recorded of herbaceous species such as Rtmlex 
and Cruciferae along with higher levels of secondarily - derived 
Carboniferous type sp::>res, the stratigrapnic Change to deposition of 
silty marls and the lower average pollen concentrations already 
noted. The higher levels of Rumex in particular indicate an increase 
in the area of open ground and discontinuous plant cover. 
Additionally the rruch lONer anounts of Juniperus ,tX>llen probably mean 
that flONering of this species had been suppressed by the onset of 
colder conditions (Iversen, 1954). 
Zone COR IV 
In this zone the pro,tX>rtions of tree and shrub ,tX>llen are 
markedly higher than in the previous zone COR Ill. The arcounts of 
Betula ,tX>llen indicate that it is likely to have been present in 
copses, perhaps where there is rrore. shelter fran the cold· east winds 
( a conspicuous feature of the site at the present day). It should 
also be noted that the slope of Corstorphine Hill overlcoking the 
sampling site has a southerly aspect as well as shelter and that 
thes~ two factors are very . inportant, affectin:J insolation and soil 
rroisture oontent and hence the resultant soil type. The arrounts of 
Juniperus and Empetrum pollen present are probably a reflection of 
the development of shrub/heath communities in response to warmer 
temperatures and rrore stable soils. The lo.ver average levels of 
secondarily - derived Carboniferous - type spores oonfir.m that there 
was less inwash of minerogenic material into the lake than fonnerly. 
There were still a large number of open - habitat species present and 
this, in oonjunction with the high proportion of Gramineae and 
cyperaceae pollen, suggests that grass/sedge communities were still 
an irrq;:x)rtant canponent of the vegetation. The clearly - marked _peak 
in Filipendula may be a oonsequence of an expansion of this species 
under wanrer conditions since it is thought to be thenTOphilous 
(Iversen, 1954). but, as previously noted, it could equally be a 
function of an increase in the area of marshy habitats, and indeed 
the representation of aquatic species reaches its maxinum in this 
zone. Artemisia with pollen values of less than 2% may not have been 
present locally because of its high pollen prcrluction and dispersal 
(Maher, 1963). The sedirnents deposited during this zone largely 
consist of calcareous marls that contain the remains of Characeae and 
large numbers of fragments of freshwater molluscs, such as Lymnaea 
peregra Muller and Planorbis albus. The presence of these provides 
evidence of leaching of the soils in the surroundin:J area. 
Zone COR V 
Severe cl.i.rnatic conditions are indicated by the greatly -
reduced representation of trees - -and shnlbs and-·· the · restricted 
herbaceous flora that largely consists of pioneer ~cies Which are 
adapted to open disturberl habitats. The vegetation appears to have 
been daninated by' ccrcmunities with an important Salix, Grarnineae, 
eyperaceae carponent. The arrounts of secondarily derived 
Carboniferous type spores once again rise to high levels and 
dem:>nstrate that there nust have been significant soil rrovement in 
the catchment area and appreciable inwash of material into the lake, 
leading to the deposition of sandy/silty clays. The megaspores of 
Selaginella selaginoides were identified in significant numbers 
errphasising the arctic nature of the prevailing climatic regime. 
Finally one may seek to place the zones at Corstorphine in their 
chronolQg"ical context: The sediments de!X)sited in zone COR V quite 
clearly correlate with the Younger Dryas Stadia! and those of OOR I 
to COR IV with the Lateglacial Interstadial. The sedirnents fonnerl in 
CDR III are tentatively equated with those of the Older Dryas 
(Mangerud et. al., 1972), as have been identified elsev.ihere in 
eastern Scotland (Newey, 19.70: Vasari, 1977: Walker, 1977; Caseldine, 
1980) and also with part of the Windennere Interstadial (Cccpe and 
Pennington, 1977). There is little irrlication of the thennal 
.i.nprovement that \\Ould mark the beginning of the Postglacial in the 
diagrams. 
To summarise this researCh, on the Corstorphine site, confirms 
muCh of what had been disCO\Tererl by' earlier \tX:>rkers (Bennie, 
1891,1894: Reid, 1899: ~ewey, 1965, 1970: Coope, 1968). In 
particular it establishes that a phase of retrogressive vegetation 
developnent did occur during the Lateglacial Interstadial at 
eorstorphine. In addition it is clear that Newey, in practice, had 
overcame the deficiencies of the Hiller borer. 
8.10 Sunmary and speculation: 
The Lateglacial Interstaclial at all three sites is characterised 
by a phase of retrogressive vegetation, with Rumex and Cyperaceae, 
developrent sandwiched between zones which are daninated by the tree 
and shrub species Betula, Empetrun and Juniperus and by therrrophilous 
species such as Filipendula. It is suggested, by the author, that 
this phase of retrogressive vegetation development may be correlated 
with the Older · Dryas of continental stratigraphers ( Mangerud et al, 
1974). The calculated concentration figures for Ba.lgone House and 
Co1"stot1-l..i....., 
Bronmouth shON that average pollen concentrations are lONer during 
the Older Dryas implyinJ either an increased sedimentation rate or 
reduced pollen productivity for this period. 
A similar pattern has been found in eastern Scotland, at 
Stonront Loch near Blairgo.vrie, by Caseldine ( 1980) and by Walker 
(1977) at Corrydon, in Glenshee. At Corrydon,Walker describes a 
sequence of vegetation that shows a greater degree of revertence, 
durinJ the Older Dryas, tONards nore chioncphilOJs and open - habitat 
vegetation camumities than is evident in the sites fran lONer 
altitudes. At sites in northern Scotland (Pennington, 1977a) the 
Older Dryas is represented by a Rumex - Artemisia assemblage zone 
whilst at Loch of Park in north east Scotland, ,Vasari (1977) found 
similar evidence. 
other Scottish Lateglacial sites e.g. Rhoineach lvbr and Tynaspri t 2 
(!..oNe and Walker, 1977). 
The Older Dryas, it has been suggested by Pennington (1977a), on 
the basis of data fran sites in northern Scotland and in the Lake 
District, lasted for only 200 years between 12000 and 11800 B.P. It 
may be that the short - liverl nature of this oscillation and the fact 
that it occurs over a relatively short distance in the cores accounts 
for its not having been more widely detected at sites Where, for 
example, a wider sarrpling interval has been employed. 
The occurence of a deterioration in climate at around 12000 BP 
has been established on the basis of evidence fran both Coleoptera 
and pollen (Pennington, 1977a~ Coope, 1977). It will be recalled 
though that, as reviewed earlier, there 




as to the 
climate · of the Lateglacial Interstadial. In recent years several 
individuals have begun to think about changes in continentality arrl 
oceanicity during the Lateglacial, for example, (Van Gee! and 
Kolstrop, 1978~ Kolstrop, 1982). 
By plotting the Changes in the percentages of planktonic 
foraminifera, suCh as Globergina paChyderma, in ocean floor cores the 
rrovements of the oceanic polar front, or transition fran polar water 
to temperate water, may be traced since the ~ies present and their 
abundance are relaterl to ocean tenperature and salinity. By dating 
and correlating cores an impression has J?een gain~ of heM ocean 
conditions have changed through time over the eastern Atlantic 
(Ruddiman et al, 1977; Ruddiman and Mcintyre, 1981). 
At the maximum of the last glaciation c. 18000 BP the oceanic 
polar front lay at al:x:>ut the latitude of Spain. Subsequently it 
began to retreat northwards, clearing Britain around 13, 500 BP and 
brought the marked warming at that time evident in fig(8.14). 
Sissons ( 1981 ) suggests that as a result of the climatic change 
associated with the replacement of p::>lar by wanner water a very large 
part of Scotland was ice free by 13000 BP. Arourrl 13000 BP 
terrperatures in Britain were as warm as, or wanner, than ·at the 
present ~e (Penningtan, 1977a; Gray and Lowe, 1977), but as shown 
in fig (8.1.4) there was a subsequent climatic deterioration with a 
return to arctic ·conditions 'by 10,500 BP. It is thought that this 
was related to a return of p::>lar water to the vicinity of Britain, 
the polar front reaching North Spain. The location of the polar 
front is crucial to the formation of glaciers during Younger Dryas 
(Sissons and Sutherland, 1976 ; Sissons, 1980). Peacock ( 1983) has 
suggested from a study of molluscan assemblages that sea 
0 
tenperatures, particular 1 y in the pericrl 12, 500 - 12000 BP, were 3 C 
lo.ver than they are today, except for the surface water, inplying 
that the North Atlantic Drift at that time was weaker than the 
present v.here it extends into the Norwegian Sea. 
It is hypothesised by the present author that as the Polar 
Front, on deglaciation around 13500 - 13000 BP, retreated to higher 
latitlrles to the north of Britain the climate progressively changed 
fram one Which was predaninantly cyclonic to cne which was 











































































































































































































































It is further suggested that the Older Dryas period represents 
the period of maximum continentality of climate when the _p::>lar £rent 
would have been at its highest latitudes. The climate of Older Dryas 
would therefore have been anticyclonic with cold east winds, reduced 
cloud cover, high insolation in summer and intensely cold winters. 
Pennington arrl Lishman (1975) shON that carbon, iodine and 
Lateglacial pollen curves for Blea Tarn indicate that a recession in 
the interstadial iodine curve coincides with a temporary change fran 
a Juniperus - Grarnineae Salix assemblage to a Betula nana -
Cyperaceae - Lycopodium selago assemblage below the most organic 
interstadial sediroents. Penningon (1970) suggested that this 
temporary recession tONards a more snow - tolerant plant association 
might have resulted fran a change to an easterly direction in the 
prevailing winds accounting for both the higher snowfall and a lower 
rate of iodine supply. However, during the Lateglacial the bed of 
the southern North Sea was dry land. It is therefore felt by the 
present author that the limiting factor for the flowering of 
Juniperus was not necessarily increased snowfall as suggested by 
Pennington ( 1970, pps 51 - 52) , in fact snoNfall may have been lower 
rather than higher and canbined with a severe winter and spring 
climate. The exact climatic regime probably has no precise 
equivalent in Europe today. The significant point, however, is that 
the lower anounts of iodine suggest that less precipi tati.icn 
originated over the Atlantic i.e. there may well have been an 
·increase in the non _. cyclonic proportion ·of ·precipitation.· It is --··· ·-----
further suggested that climatic conditions were more continental on 
the eastern side of Britain than an the western WhiCh would· still 
have been under the, albeit diminished, oceanic influence of the 
Atlantic. 
It was perhaps this period of cold winters during the Older 
Dryas that "sparked - off" the rrovement of the polar front southwards 
again, possibly through a ca:>ling of the waters of the North Atlantic 
and that led to the climate of the British Isles becoming 
increasing! y oceanic (cyclonic) . 
Gcdwin (1975 p 432 - 433) makes the p::>int that the absence of 
trees from a flora alone does not indicate low summer temperatures 
because there are features of the extreme continental type of climate 
'WhiCh are unfavourable for trees irrespective of sunner terrperatures 
very cold winters, severe wind exposure, severe spring thaw and 
floods or unstable soils. The persistence of any one of the above 
features may have limited. the expansion of trees in the Lateglacial 
'WhiCh would explain the evidence that the develo,t::m:mt of tree birChes 
was not always in equilibrium with terrperatures as deduced from the 
present day ranges of other species present. The non - appearance of 
Co.rylus and indeed of thenropl1ilous tree species in the Lateglacial 
(H.J .B. Birks, 1973a; Pennington, 1977a) would therefore be explained 
following the hypothesis as set out above by the fact that only for a 
short period in the later part of the interstadial were both edaphic 
and climatic conditions suitable. Co.rylus sho.vs a preference for an 
oceanic climate associated with a need for mild winters in a shrUb 
flowering as early as hazel d6es. It is -well .. known that the stigmas 
are sensitive to late spring frosts c.f. Fagus and Ul.nu.ls. Too short 
a time was therefore available to allON migraticn of Corylus 
especially since conditions.were probably already Changing. Another 
line of evidence for continentality preceding Older Dryas is the 
restricted but consistent occurence of Hippophae pollen. It occurs 
for example in the Betula paz { 12500 - 12000 BP) at l.J:JN Wray Bay, 
Windennere (Pennington, 1977a) and its presence has been held to 
imply continentality of climate {West, 1968). 
Coope and Joachim {1980 p. 67) state that the insect fauna 
suggests that summer temperatures in the first part of the 
interstadial were as wann, or wanner, than today to account for the 
frequencies of the most southern species of Coleoptera. This, it is 
contended here, is entirely in keeping with a more continental - type 
of climate than at the present day. 
In conclusion therefore b¥ invOking a continental climate in the 
early half of the interst~ial replaced b¥ a more oceanic climate in 
the later half one may resolve the conflict between the Coleoptera 
and 'botanical evidence. Further detailed studies of Coleoptera arrl 
'botanical data are, 'ho.vever, required. The ul tirnate causes of the 
oceanic Changes outlined above are not yet knONn, but it is inp::>rtant 
that their effects are understood since it is as a result of the 
North Atlantic drift that there is a mild oceanic climate in Britain 
at the present. It is clear fran the above that Britain is located 
in one of the most sensitive areas for monitoring climatic Changes 
during the late Quaternary. 
CHAPrER 9 
REVIEW OF RESULTS AND OONCLUSIONS: 
This Chapter provides a review of the results of the writer's 
research on the palae(XJeography of the eastern part of the Midla.rrl 
Valley of Scotland during the Late Quaternary period. In particular 
it provides a discussion of the evidence for changes in the physical 
geography and the biogeography of this area during the Lateglacial 
and the succeeding Postglacial though special emphasis is placed on 
the Lateglacial. Alm:::>st all the many Scottish Lateglacial sites so 
far described have been in the Highlands. The present research 
breaks new ground b¥ investigating Lateglacial sites in the eastern 
Scottish lowlands, an area of distinctive regional climate, soils and 
vegetation. At the many Lateglacial pollen sites studied a 
characteristic sequence of deposits occurs beneath the Postglacial 
sediments. This consists of a basal minerogenic horizon associated 
with the final stages of ~e Devensian glaciation. Above this is an 
organic layer representing the milder Lateglacial Interstadial 
related to the Allercd phase kna,.m in Europe. This organic layer is 
succeeded by an upper minerogenic horizon, deposited during the Loch 
Lcm::lnd Advance or Stadia!. 
At the sites studied in this thesis, namely Balgone House, 
Broxrrouth and Corstorphine, a Lateglacial stratigraphy is evident 
followed by a partial Postglacial sequence at two of the sites: 
Balgone House anrl Broxnouth. 
At all three sites the Lateglacial Interstadial ccmnetlces with 
open herbaceous camunities daninated by Gramineae and Cyperaceae and 
by light demanding ruderals and weed species, such as Artemisia, 
Epilobium and Rumex. The Rumex, in particular, may be indicative of 
open disturbed ground. Trees and shrubs fonn an insignificant 
proportion of the total with, for example, IIU.lch of the Pinus pollen 
probably beii"B derived fran long distance transport. Continuing soil 
instability at this time is indicated by the high levels of 
secondarily derived Carboniferous type spores recorded at 
Corstorphine along with Salix (c. f. ~ herbacea§i!) , a plant of late 
snoWbed communities and carnmon on soliflucted soils. Also at 
Corstorphine there is evidence for a HiPPQPhae rhamnoides - Empetrum 
shrub community that may well have been locally dense on sites of 
periglacial activity. The presence of Empetrum is an indicator of 
the start of leaching in the soils in the catchment. At Balgone 
House the grains of Polaronium caeruleum indicate the presence of 
calcium· carbonate as well as a characteristic tall herb ccmnunity. 
Additionally at this site,. the presence of Papaveraceae and Artemisia 
may rrean that areas of exposed mineral soil, subject to very little 
snON-lie, existed sanevfuere in the catchment, perhaps along the top 
of the cliff overloOking the site. 
As climatic conditions improved, a nore continuous, 
species-diverse shrub and herbaceous cover developed, supported by 
soils that were, in general, rrore mature and stable. As a result of 
the nore canplete plant cover, canpetition between species probably 
increased. The nore diverse range of species included, Filipendula, 
Heliantha:tnlril, Plantago"· and·· Tfialictrum __ .. with - J:'ll€!1'ber·s of the --- · 
earyophyllaceae and Carpositae. Juniperus expanded probably as a 
result of the rrore prolific flo.vering of plants already present, in 
response to the rising temperatures. 
The low average percentages of Betula indicates that it was 
probably not abundant and was restricted to habitats sheltered from 
the cold east winds Characteristic of this coastal area. The range 
of aquatic species recorded, as well as the enrichment of the swanp I 
marsh flora, presumably means that the temperature of the water had 
risen sufficiently. This is associated with the deposition of 
calcareous muds as opposed to silty clays. 
There then· follows evidence for a minor phase of retrogressive 
vegetation development marked ~ a decline in Betula, Juniperus and 
flq?etrum that is matched by an increase in the pro,portion of pollen 
of herbaceous species, especially Gramineae and Cyperaceae. Rumex 
increases quite markedly arrl suggests that the area of open disturbed 
habitats with discontinuous plant cover must have increased for a 
short time. The presence of increased amounts of secondarily -
derived Carboniferous - type spores at Balgone House and Corstorphine 
irrlicate renewed inwash of mineral material into the lakes at this 
time. This temporary recession corresponds to evidence recorded by 
previous work at other sites as noted above. 
Subsequently the vegetation at all three sites once again 
reflects irrproved conditions, suggestin:J the developnent of shrub I 
heath cx:mrunities, with Juniperus and flq?etrum both attaining maxima 
- Whil-st· the- arrounts of --ArtemiSia ··arid- -·Rumex -decline. ··Thi·s ObServation- ---- ··- · --------- -
is reinforced by the presence of the thernophilous Filiperrlula and 
Helianthernurn. Myriophyllt.nn al temiflort.nn, a very typical obligate 
aquatic of the Lateglacial, is present in significant arrounts at 
Broxmouth and generally the levels of aquatic species recorded 
suggest an increase in the area of marshy habitats. The lONer 
average amounts of ·secondarily - de~ived Carboniferous - type spores 
recorded indicate less inwash of minerogenic material into the sites. 
Indeed the sediments deposited at this time largely consist of 
calcareous marls, an indication of increased leaching. The arrounts 
of Errpetn.nn recorded at the sites studied are generally lON which 
should be contrasted with the higher figures for northem and YJestem 
Scotland, areas with higher_ precipitation and more oceanic conditions 
(Brown, 1971; Walker, 1975b). 
The Younger Dryas (Loch Larond Stadial) is clearly marked in the 
lithostratigraphy at Balgone House and, especially, at Corstorphine 
by a predaninantly minerogenic upper horizon, indicating soil 
instability in the respective catchments. This minerogenic horizon 
correlates with a growth in the representation of plants suggesting 
an increase in the severity of cl.i.rrate and in the area of soils 
without a continuous plant cover. These include Rumex, 
Caryophyllaceae, Ranunculaceae, Thalictrum and Artemisia, all of 
which indicate a type of tundra with affinities with the continental 
steppe type of vegetation, together with a decline in the frequencies 
of Betula and Juniperus. There is, however, no exact rrcxlem day 
equivalent of this plant formation. No equivalent minerogenic 
horizon marks the Younger Dryas at the Broxrrouth site. _J_:t i.s thougp~- _____________ _ 
that the laCk of clear stratigraphic evidence in this instance is 
related to the lo.v - lying coastal nature of the site, the very lo.v 
gradients, freely - drained sands and gravels around the site and the 
low rainfall and milder climate. Inwash follo.ving solifluction of 
surface material \'.Ould sean likely to have been negligible for the 
above reasons. At the Corstorphine site the presence of Selaginella 
selaginoides suggests that mineral base - status may have increased 
nutrient status as a result of cryoturbation processes in the soils. 
There is additional evidence for soil novernent during the Younger 
Dryas at Corstorphine in the fonn of the very high proporticn of 
secondarily - derived Carboniferous spores recorded. Clearly there 
was considerable inwash of material fran the steep slopes of 
Corstorphine Hill, whiCh flanks the site, resulting in the deep 
minerogenic layer. 
As noted earlier, the Lateglacial Interstadial at all three 
sites is characterised b¥ a phase of retrogressive vegetation 
developnent, with Rumex and Cyperaceae, sandwiched between zones 
whiCh are daninated by ~e tree arrl shrub species Betula, Enpetrum 
and Juniperus and b¥ the themophlious species suCh as Filipendula. 
It is suggested that this retrogressive phase may be correlated with 
the Older Dryas of continental stratigraphers (Mangerud et. al., 
1974). The calculated concentration figures for Balgone House and 
Corstoq:hine shON that the average pollen concentrations are lo.ver 
during the Older Dryas, .i.nplyi03 either an increased sedimentation 
rate or reduced pollen productivity for this _period. Since clear 
stratigraphic evidence for Older Dryas exists only at the 
Corstorphine site, Where there was renewed inwash of material do.vn 
·the- ·steep- ·slopes·of-corstorphine-·Hi--J.-1;- it seems··that reduced pollen·-·------·--· 
<3l 
productivity at this time is the more likely. 
As mentioned earlier there is a partial Postglacial vegetation 
sequence at two of the sites: Balgone House and Broxmouth. 
At Balgone House the Postglacial commences with a dramatic 
increase in the amount of the aquatic Myriophyllum alterniflorum 
recorded and is accarpanied by the de_p::>sition of a calcareous marl. 
This is taken to represent the onset of warmer conditions and a less 
active sed~entary environment than before. Following this there is 
a fhase 'When Juniperus expands initially, probably a response to the 
warmer conditions by Juniperus plants already present, but this is 
superseded by the spread of Betula. The presence of Filipendula, as 
well as being an indicator of wanner conditions, may point to the 
development of a hydroseral succession. Pteridophyta formed a 
significant part of the wocrlland and shrub carmuni ties present. 
At Broxmouth, on th~ other hand, there is no initial feak in 
Juniperus; it appears that Betula was more daninant at this site and 
Juniperus flowers poorly under a Betula canopy. The site itself 
irrlicates that the rich aquatic, marsh and swa.np marginal plant 
carrnuni ties which flourished throughout the time represented, were 
especially rich in the later period. So, following an early ,Iilase 
with higher Errpetrun, Gramineae and aquatics and lower Rumex 
suggestive of wanner more stable conditions, Betula at BroXltO.lth 
increases rapidly to fonn a high proportion of the pollen recorded. 
It may be speculated that this was as a result of rapid colonisation 
·of rrii.ieh · ·of· the· area ·aroUnd· tlie site bY- Betula~ which hcid ·previously 
only grcwn locally Where it was sheltered fran cold east winds. 
At both of the sites there was then a large expansion in the 
arrounts of Corylus recorded. At Broxrrouth Corylus reached as high as 
90% of the total pollen recorded and clearly out-ccrrpeted Betula for 
space on base - rich well - drained gravels where it grew as pure 
hazel scrUb or at least as marginal to Betula woodland. At Balgone 
House it appears that Corylus may have been, at least, initially an 
undershrtib in Betula woods. 
This phase of Corylus daninance is latterly accarpa.nied by 
significant records at both sites for pollen of the ma.in 
thenrophilous broad-leaved deciduous tree species, Quercus ;md Ul.rrus 
and low frequencies of Tilia and Fagus. This is consistent with the 
evidence fran other parts of the Midland Valley of Scotland (Donner, 
1962; Newey, 1968; Brooks, 1974) as outlined in an earlier chapter, 
suggesting that Quercus and Ul.mus were important carponents of the 
mid - Postglacial v.a:x:llands .• The organic prcrlucti vi ty of the sites 
is thus shown to have increased rapidly. The broad-leaved deciduous 
genera were accarpa.nied by the shrubs Corylus, Salix and I lex. A 
rich groum flora is indicated by the pollen of herbs of \t.O:Xlland 
conditions, Rosaceae, Labiatae, Conpositae, Grarnineae and 
Pteridophyta. The presence of Ilex, Hedera and Tilia confirm the 
characteristics of the later 'Boreal' climate with a reduced 
incidence of frosts. The lack of Pinus, in contrast to northern 
Highland Postglacial sites, is possibly the result of the heavier, 
deeper, and richer soils of the Lothian plain and the longer and 
warmer peri<Xl of surrmer growth which favoured the deciduous trees in 
canpeti tion with P inus. 
At both the Balgone House and Broxrnouth sites Alnus and other 
plants e. g. Hedera expanded during the thennal maxinu.nn of the 
1 Atlantic 1 pericrl follONin:J the imnigration and colonisation of the 
area by the thenrophilous broad-leaved deciduous trees. Even 
allo.ving for its high pollen prcrlucti vi ty, Alnus, which requires high 
soil noisture, nust have been very ccnrron in the general forest cover 
in the vicinity of the sites. At both of the sites there is evidence 
for wetter conditions with increased frequencies of Salix, Cyperaceae 
and Gramineae. It is therefore likely that local waterlogging of the 
soils en the uneven drift-covered plain led to the creation of local 
societies of Alnus and Salix within the ~edaminantly oak forest. 
Since there is no evidence in either of the Postglacial diagrams 
for an Ulmus decline, the forest cover that has been reconstructed 
appears . nost likely to pre-date the appearance of anthropological 
clearance. This was to cane later, around 5000 years ago. 
General conclusions: 
The writer had an advantage over earlier workers in that the 
opportunity existed to apply a range of nore rrodern techniques and 
tools. The actual sediment sanpling was carried out by use of a 
piston corer not a Hill er borer, which makes it easier to control 
sampling errors. 
site gave rcore detailed results than hitherto achieved. The enhanced 
detail of the pollen flora permits a fuller interpretation of the 
character of the La.teglacial Interstadial and has led to the 
indication of phenanena not hitherto kno,.m, or ignored, in the 
Lothians lONlands. These include a detailed description of the 
Interstadial horizon and of the many fluctuations of the plant cover 
that tOok place prior to the Younger Dryas together with the 
identification of both a colder phase, with retrogressive vegetation 
developnent, correlated with Older Dryas, and of a wanner J?hase 
preceding it - the Belling Interstadial. 
The application of absolute counting techniques means that each 
.PJllen curve on the absolute diagrams can be considered as an 
independent variable rather than, as is the case with the relative 
diagrams, an interdependent percentage. Also ccnparison of absolute 
and relative data allo.vs the evaluation of changes in pollen spectra 
through . time, and of their relationship to the fonner vegetation. 
Additionally, absolute counts can be used to resolve whether 
oscillations represent a real change in pollen de_pJsition or only a 
small percentage fluctuation. 
Changes in the 1.norganic chemistry of the lake sediments, which 
had not been previously studied in the Lothians, were investigated 
since these are a reflection of changes in the catchment area related 
to differing rates of soil erosion and leaching. 
The COipUter program, POLLDATA t-1KV, was used to do ooth the 
necessary -calculations and· --to prcxiuce-·the--pollen diagrams-,· thereby- ·- ----------- -- -
saving time that. would otherwise have been spent on purely mechanical 
tasks. ~e speed at Which calculations are performed arrl the 
diagrams drawn using POLLDATA, means that various arrangements of 
pollen curves and different pollen sums may be tried in a feN 
minutes; a process that would take several weeks by hand. 
Furthermore there is the additional flexibility of being able to 
insert and rarove types and levels. A further advantage is that the 
diagrams produced are of a standard for.m and therefore readily 
comparable one to another. Finally the dataset is stored on the 
computer and is therefore available 
manipulation. 
for further statistical 
The ZONATION, PCA, MDS(X) and swrSEQ programs were ~sed to 
objectively ~ne and to compare pollen stratigraphic sequences. The 
writer considers that their theoretical benefits were borne out in 
practice to a useful degree. The application of a range of numerical 
techniques, where there is consistency in the results, can aid in the 
process of maki03 the correct conclusions. The methods can also be 
valuable in focussing attention on certain aspects of the data, in 
forcing a closer examination of same of the main numerical Changes 
and in the <;jeneration of hypotheses. 'l11e objective zonation methcrls 
represent a valuable tool that can be used to help either to 
eliminate much of the subjectivity in selecting zone boundaries or to 
confirm zonation schemes derived fran subjective examination. It was 
felt that the the application of these methcx:ls did indeed allON 
improved recognition of pollen ~nes in Lothian sites and allONed 
greater confidence in the validity of tl1e results presented. 
Suggestions for further research: 
There are two main suggestions that may be put forward for 
further palaeo - ecological researCh in the study area. 
First that there should be a further search for and 
investigation of Lateglacial sites in this region, whiCh has been 
largely neglected COlpared to Highland Scotland. These should 
include sites of both the numerous upland areas of the Scottish 
Midland Valley and also the adjacent lo.vlands. The aim should be to 
increase the coverage of the area and to examine differences in the 
response and development between upland and lo.vland vegetation 
oammunities. .Where possible a multidisciplinary approaCh, 
encompassing not only pollen but also, for exanple, sediment 
chemistry, dia tans, palaeanagnetism and macrofossil studies, should 
also be applied. · 
Second, radiocarbon dating or newer dating techniques, as they 
became available, should be applied to sediments from suitable sites 
i.e. where there is a minimal chance of • hard 
order to establish a basic chronology. 
water' error, in 
Finally it is recommended that pollen analysts Should beware of 
subconsciously discountin) the presence of supposed • contaminant • 
grains. It has been shown in this thesis that a significant 
prq:x:>rtion of the grains in this category can be largely attributed 
to grains derived fran an ircpure exotic suspension. HONever, it nust 
be appreciated - that - only- in-- -rare- - instances -is - it --likely to -be 
.:t38 
possible to locate definitively the precise origin of grains of 
particular species. 
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Figure CJ.b 
Corstorphine site. 
Analyst - A. Alexander 
Concentration diagram. 
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Figure g.g 
Corstorphine site. 
An2lyst - A. Alexander 
ZONATION results. 
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